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PREFACE

The years 1991-93 have seen a major change in the scope of activities of the
Materials Science Division. The specializations in previous years have given way
to cross- disciplinary activities. This reflects a sense of maturity which has come
into the programmes and has also led to growth of research in entirely new areas.
This Activity Report has therefore been modelled to reflect some of these broad
developments such as defects and radiation damage studies, novel materials, phase
transitions and related phenomena, and superconductivity. Besides, a strong thrust
has been maintained in the areas of theoretical research and developmental activities,
which have traditionally been our major strength.

In the field of defects and radiation damage, nuclear techniques like positron
annihilation have been extensively used to study growth of helium bubbles in Ni
and Ni-based alloys and more practical alloy materials like Ti-stabilised stainless
steel. Similarly in ion beam studies, the irradiation facilities have been used in
studying surface modification behaviour in more complex alloys like AIMn which
show a range of phenomena during irradiation. This reflects a trend, namely, the
understanding gained from simple metals has led to a better understanding of the
more complex engineering materials.

The most important achievements, as in the earlier years, are in the developmen-
tal activities. The challenging task of indigeneously developing the complete SQUID
device technology is a significant mission undertaken by the Division. Already, in
a short time, significant progress has been achieved with the controlled fabrication
of SQUID structures. The commissioning of the high pressure X-ray diffractometer
and development of low energy positron beam system are some of the other impor-
tant activities which have been initiated. A major thrust has also been made in
PC- based instrumentation and development of specialized hardware cards which
has given the scientists the capability of automation and control of the experiments.
Another significant achievement is the commissioning of the accelerators comprising
of the 400 KV heavy ion and the Tandem machine. Simultaneously, the facility has
been made available to students of the Universities through Inter University Con-
sortium for DAE Facilities. This is the.first time such a large number of students
have come in to work here.

It has also been a very exciting time for the Division with many break-throughs
in the development of novel materials. These include quasicrystals, fullerenes and
developments in the study of clusters. One of the most significant aspects has been
that for the first time, the Division has kept pace with the synthesis and develop
ment of these materials at international levels and has simultaneously carried out
measurements and characterization on these samples developed in-house. This, I
feel, has been a major achievement since, it is the only way by which we can keep
pace with and excel in the developments and achieve a breakthrough in any field.
Other areas of research using high pressures. X-ray and light scattering and Raman
spectroscopy, as powerful ivestigating tools have continued to flourish. These have
helped us understand phase transition in soft condensed matter such as colloidal



systems, electronic structure and order-disorder transitions in some of the semicon-
ductor and ionic systems.

The research in superconducting oxides has continued to bring out new aspects
arising out of their structure and process of synthesis. The studies of defects in a
number of new oxide compounds like BiSrCaCuO and La2CuO4 in addition to those
in YBCO have given rise to new understanding of the superconducting behaviour
of these materials. Positron measurements in particular have been useful to unravel
some of these aspects.

Theoretical studies have drawn their strength from many of the current concepts
like gauge theory, chaos, nonlinear behaviour, and random walk phenomena and
these have been translated into the context of understanding of the fascinating
aspects of materials behaviour. In many cases, these have been amongst the foremost
applications in this field.

Perhaps, the most significant aspect has been the influx of a large number of
young researchers who have been drawn to the Division to participate in the re-
search and development programmes. They have come as students for project work,
research scholars and post-doctoral fellows. Their contributions have been mutually
most rewarding.

This progress report covers various research and developmental activities carried
out during 1991-93 and is organised based on various themes. The theme articles
highlight the essence and importance of various studies. In these articles, the refer-
ences are cited corresponding to each published work. List of publications together
with a compilation of abstracts follow the theme articles. The conference papers are
suffixed with 'C\
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acknowledge Dr. G. Amarendra for the theme article on Defects and Radiation
Damage Studies, Dr. G. Amarendra, Shri M.P. Janawadkar, Dr. P.Ch. Sahu and
Dr. B. Purniah for the article on Developmental activities, Dr. Vijay Kumar, Dr.
A. Bharathi and Dr. A.K. Tyagi for the article on Novel Materials, Dr. A.K. Arora
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(a) DEFECTS AND RADIATION DAMAGE STUDIES

The broad areas of active research in the field of Defects and Radiation damage
are the behaviour of light gas impurities (H, D and He) in metals and alloys, the
solute atom clustering in Al based alloys, dynamical evolution and non-equilibrium
effects of irradiation induced defects and the oxidation behaviour of stainless steel al-
loys. The experimental techniques employed are Positron annihilation spectroscopy
(PAS), Secondary ion mass spectroscopy (SIMS), Dynamic neutron counting mea-
surements, Scanning electron microscopy (SEM) and Transmission electron mi-
croscopy (TEM).

Detailed PAS studies of helium clustering in metals and alloys are carried out[DR01 •
08]. These basic research studies have been carried out to understand the early
stages of helium clustering, bubble nucleation and growth stages and the influence
of irradiation and material parameters on nucleation and growth processes. To
complement earlier studies on n-irradiated Cu-B, wherein helium was indirectly im-
planted using 10B(n,a)7Li reaction, direct helium implantation was carried out using
alpha particles from Variable Energy Cyclotron Centre (VECC), Calcutta. These
helium implanted Cu samples (100 appm He) are subjected to isochronal [DR01] and
isothermal [DR07] PAS studies. From the variation of positron lifetime and line-
shape parameter, the nucleation and growth stages of helium bubbles are identified.
The bubble nucleation stage is found to be sensitive to irradiation-induced loops.
Helium bubbles in growth stage of Cu, characterized by the size and concentration,
are found to be similar to that of n-irradiated Cu-B samples containing comparable
helium concentration. This study brought out the similarities and differences in
nucleation and growth stages of helium bubbles in directly and indirectly helium
implanted Cu [DROl]. Further, bubble growth kinetics in alpha irradiated Cu are
monitored using isothermal PAS studies and the growth mechanism is identified to
be Ostwald ripening process [DR07]. Isochronal PAS studies have also been carried
out on helium implanted Mo(715 appm He). From the variation of the lifetime pa-
rameters and the deduced bubble parameters, the nucleation and growth stages of
helium bubbles have been identified[DR03].

Extensive experimental and theoretical PAS studies on helium implanted Ni have
been carried out to interpret the nucleation process in terms of formation of stable
bubble embryos and to deduce the bubble growth parameters quantitatively [DR02,
06]. Ab-initio lifetime calculations of various helium-defect complexes are made
and these are used to interpret the experimental results in the bubble nucleation
stage. The effect of varying input helium concentration on the bubble size and
concentration is deduced[DR06]. Further, the effect of alloying elements like Ti in
Ni in influencing the nucleation and growth stages is studied. PAS studies together
with lattice statics calculations have revealed that upon Ti addition in Ni the bubble
size decreases with an enhancement of bubble concentration as compared to pure
Ni [DR05]. These basic PAS studies on binary alloys have been further extended to
Ti-stabilized SS-316 to deduce the effect of TiC particles on helium bubble growth
behaviour. From these PAS studies it is found that bubble size and concentration
are beneficially altered i.e., bubble size decreases and concentration increases, upon
the formation of TiC precipitates in Austenitic matrix [DR08J.
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In another systematic PAS study of light gas impurities in Pd, the behaviour
of H, D and He are investigated [DR04, DR09]. In the case of helium implanted
Pd, isochronal PAS studies have revealed the nucleation and growth stages of he-
lium. The growth stage is found to contain two branches characterized by slow
and fast bubble relaxation behaviour [DR04]. Subsequently, the bubble growth pa-
rameters deduced from isochronal variation of lifetime parameters are analyzed in
terms of surface diffusion controlled bubble migration and coalescence model with
bubble pressure corrections. From the satisfactory comparison of theoretical and
experimental results, it is found that the gas pressure in the bubbles affect the bub-
ble mobility thereby influencing the bubble growth process [DR14]. Detailed PAS
studies were carried out on electrolytically hydrogen/deuterium charged Pd [DR09].
These studiesreveal the phase transformations associated with a —•> ce+/3 —> /? tran-
sitions during hydride/deuteride phase formation in Pd. The isochronal PAS studies
established that deuteride phase formation is associated with lattice strains leading
to the dislocation generation in Pd lattice [DR09]. The PAS studies on cold worked
Pd have shown that void formation does not take place in Pd. From these PAS
studies, detailed information concerning the defects associated with various phases
of Pd-H and Pd-D system has been obtained [DR09].

In another set of detailed PAS experiments aimed at studying solute atom clus-
tering in Al matrix, extensive isochronal and isothermal measurements have been
carried out on Al-Zn, Al-Ag and Al-Mg systems [DR10]. Ab-initio lifetime calcu-
lations are performed to obtain the sensitivity of positron lifetime as well as line
shape parameter to the initial stages of solute atom clustering in Al-based alloys.
These theoretical lifetime results are used to interpret various experimental results
to obtain valuable information concerning the early stages of solute atom clustering
in Al alloys [DR10]. Positron lifetime studies were also carried out in GaAs semicon-
ductor doped with Zn, Sn and Te. Isochronal studies of positron lifetime revealed
noticeable changes indicating configurational change in donor-vacancy complexes
responsible for positron trapping [DR13].

The ordering of voids and bubbles into a lattice, in irradiated materials under
certain irradiation conditions has been an interesting problem in radiation damage
studies. Detailed studies of modelling of the bubble lattice formation are carried
out wherein a basic instability in growth kinetics of bubbles during irradiation is
considered as responsible for the bubble lattice formation [DRll]. In this analysis,
the instability is shown to be associated with interstitial production due to high
bubble pressure. These interstitials are assumed to have a differential bias with va-
cancies and interstitials, owing to different strain field interactions. From the present
model, the bubble lattice parameter is deduced to be about 100 A, which compares
favorably with experimentally measured value of about 70 A[DR11]. In another set
of experiments, non-equilibrium effects associated with deuterium implantation in
Ti and Cu have been investigated [DR12]. On-line neutron counting experiments
are performed under dynamic deuterium implantation conditions in these samples.
The observed neutron yields are modelled based on solid state effects such as en-
ergy degradation, diffusion and desorption of implanted deuterium alongwith the
d-d fusion process. The computed asymptotic time dependence of neutron yield is
compared with that of experimentally observed anomalous neutron yields [DR12].
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Irradiation effects after low energy helium implantation was investigated in Al-
Mn alloys [DR15, DR16]. TEM studies of Al-14%Mn alloy irradiated with various
doses of helium ions have shown evidence for amorphization of orthorhombic A^Mn
phase dispersed in the a - Al matrix. The volume fraction of the amorphous phase
is deduced as a function of helium ion dose from the present studies [DRlo].

Owing to the inert nature of helium atom, the ionization potential is rather high
and hence it is difficult to detect and profile helium in materials using SIMS. How-
ever, by employing Cs+ primary ions in SIMS, helium depth profiles in Al-Mn alloy
are obtained by detecting the sputtered CsHe+ molecular ions. Helium concentra-
tion down to 100 appm is found detectable by this method. The experimentally
deduced helium implantation profiles agree well with TRIM code generated helium
profiles [DR16]. Extensive SIMS and SEM studies of oxidation behaviour of 9Cr-
lMo stainless steel have been carried out. The oxide ridges and the scales within the
grains have been characterized by obtaining depth profiles using SIMS and observing
the morphological evolution using SEM and surface profilometry. From these stud-
ies, it is found that the grain size significantly influences the kinetics of oxidation
[DR17].

(b) DEVELOPMENTAL ACTIVITIES

There has been substantial developmental activity during the period 1991-93,
that led to many significant milestones of national importance. Some of these are
(i) commissioning of 400 KeV heavy ion accelerator and the formation of Inter
University Consortium (IUC) Centre at IGCAR (ii) development of technology for
SQUID devices (iii) commissioning of high pressure powder X-ray diffractometer
(iv) development of low energy positron beam system and (v) development of PC
based instrumentation.

i) Accelerator programme - IUC Centre

Particle Irradiation Facility (PIF) group of MSD has been working on develop-
ment of irradiation facilities capable of producing ion beams with energies ranging
from a few eV to MeV. Such ion beams find a wide range of applications in vari-
ous areas of Materials Science, Metallurgy, Radiochemistry and Biology. Presently,
there are three accelerators viz., 150 KeV accelerator, 400 KeV heavy ion accelerator
and a 2 MV Tandem accelerator [DA02C-DA05C, DA07C, DA15C-DA19C]. These
facilities are shown in figs. 1, 2 and 3. Since, such facilities are rare in the southern
region of the country and need a large investment, it has been decided to open up
the accelerator based research facilities to the universities under "Inter University
Consortium for Department of Atomic Energy Facilities". Accordingly, an IUC-
DAEF was established in June 1990 and research students started arriving from
various Universities from 1991 onwards. Some of the areas of research planned are
(i) irradiation effects in semiconductors used for photovoltaic cells (ii) RBS, PIXE
and channeling studies of metals and alloys and (iii) corrosion improvement of bio-
implant materials. There are about eleven projects undertaken in collaboration with
various academic institutions.



ii) Microfabrication of Josephson junctions and SQUID devices

Josephson junctions and SQUID devices based thereon represent the essential
basic components of superconducting device technology. A Josephson tunnel junc-
tion consists of two relatively thick (« 2000 A) superconducting electrodes which
are separated by extremely thin (« 20A) tunnel barrier. A research and develop-
ment program has been taken up in MSD, IGCAR for developing the technologies
related to the fabrication of Nb-A^Oa-Nb Josephson junctions and SQUID devices.
This involved setting up of a class 1000 device fabrication laboratory housing thin
film deposition and photolithographic processing facilities and a liquid helium tem-
perature device characterization laboratory specially designed to guard against the
ubiquitous magnetic noise.

Successful completion of the device development hinged on solving a number of
materials and processing problems encountered in standardizing the different com-
ponent processes involved in the fabrication of these junction structures. To keep
the tunnel barrier and interfaces free from any contamination, the full wafer sand-
wich process has been standardized for the fabrication of Nb-Al2O3-Nb junctions. In
this process Nb-Al2O3-Nb trilayer is deposited over the entire wafer without break-
ing vacuum and the junction/device geometry is subsequently defined via a number
of levels of photolithography and etching. The process used for etching the top
niobium layer has been specially optimised so that it does not etch the underlying
aluminum. To prevent the tunneling of electrons in regions other than the junction
areas, anodically grown oxide of base niobium along with a deposited layer of SiO2
thin film is used. In this insulation layer, windows are opened at the junction areas
by lift-off photolithography. To ensure proper step coverage by this insulating layer
at the perimeter of the junction, it is necessary to ensure that the etch profiles of the
etched counter electrode edges are not vertical but have a light slope. The standard-
ization of these different processes involved execution of a vast number of trial runs
in order to optimise the process parameters. At the end of each trial run, suitable
characterization techniques have been used to derive quantitative information on
the process parameter of interest.

Fig. 7 shows a magnified photograph of a completed DC SQUID device incor-
porating two Josephson junctions and an on-chip integrated input coil. Typical
dimensions of Josephson junctions incorporated in the SQUID device are 5 fim x 5
fim while the input coil has 20 turns with a linewidth of 8 fim and spacing of 12
^m. Fig. 8 shows the dc I-V characteristic of a typical Josephson junction at 4.2 K.
This indicates a clearly resolved energy gap of 2.8 meV. The quality of the junction
is indexed in terms of a parameter Vm which is the product of the critical current
and the subgap resistance measured at a bias of 2 mV. For this junction shown in
Fig. 8 the VTO is 60 mV which compares well with the best Nb-Al2O3-Nb Josephson
junctions reported in the literature. In conclusion, the development of both Joseph-
son tunnel junctions and SQUID devices by microfabrication has been completed
through the Nb/Al/Nb trilayer technology [DA20C]. This indigenous development
of the Josephson junctions and SQUID devices is the first of its kind in the country.



iii) Facility for performing high pressure X-ray diffraction

Investigation of materials under high pressure is an important field of research.
The most popular, among these techniques is the X-ray diffraction with a diamond
anvil cell. However, the quantity of sample which can be loaded inside a DAC
for its high pressure investigation is very small (a few micrograms), and this poses
constraints in obtaining high pressure XRD spectra in a reasonable time. Generally,
a high brilliance X-ray beam provided either by a rotating anode X-ray generator or
a synchrotron is used to obtain such XRD data in a reasonable time (a few minutes
to a few hours). Both energy dispersive (EDXD) and angle dispersive (ADXD)
modes are employed for this purpose.

A facility for performing high pressure XRD studies both in the EDXD and the
ADXD modes has been set up [DA05] (shown in figs. 12 and 13). A Mao-Bel)
type DAC, capable of generating pressures greater than 0.5 million atmospheres (50
GPa) has been used in conjunction with 18 KW (60 KV, 300 mA) rotating anode
X-ray generator with a Mo target, having four windows (2 line and 2 point foci).
The EDXD system consists a high purity Ge detector and a PC based MCA. The
overall resolution of this system is Ad/d« 0.01 (here d is the interplanar spacing of
the crystal planes in the sample).

In the ADXD mode, the resolution (Ad/d«0.001) is an order of magnitude
better than that of the EDXD. In the ADXD mode, a monochromatic X-ray beam
is incident on the sample through a fine collimator(50 /xm) and diffracted beam can
be detected by a variety of detectors like a position sensitive detector or an imaging
plate or an X-ray film. In this set up, an X-ray film has been used. The DAC is
provided with a film cassette to mount X-ray film. The films, after exposure to
the diffracted X-ray from the sample, are developed and the recorded patterns are
analyzed to obtain the crystal data. Both the above techniques require an exposure
time of about 10-15 hours with a reasonably absorbing sample.

A variety of studies like equation of state of materials, phase stability and phase
transitions in materials under pressure etc. can be carried out by using this facility.
Some recent results obtained with this set up are described in sections under phase
transitions and related phenomena.

iv) Development of low energy positron beam (LEPB) system

Variable low energy positron beam is an emerging tool for depth profiling of
near-surface defects and study of interfaces in materials. A compact, magnetically
guided positron beam setup in the energy range of 150 eV - 35 KeV has been
developed [DA08C,DA14C]. The system consists of three main ultra high vacuum
(UHV) compatible parts, viz., source-side beam line, U-bend magnetic transport
line and target chamber with accessories. The schematic of the set up is shown in
Fig. 18. Slow positron generation is accomplished by a combination of 50 mCi 22Na
source and a W(100) moderator foil in transmission geometry. The slow positrons
reemitted from the moderator surface (having a negative positron work function)
are extracted and focused into the transport line using a combination of asymmetric
einzel lens (AEL) and two tube lens (TTL). Positron beam trajectories, as evaluated



from beam optics calculations are used to optimize the beam transmission from
the moderator. The electrostatically focused beam is energy selected by a U-bend
magnetic analyzer and guided to the target chamber, where the beam is accelerated
to the desired energy.

The setup, fabricated indigenously, has been assembled and tested for UHV
performance. The lenses and various magnetic coils have been positioned in the
beam line and tested. Electrostatic lenses are designed, fabricated and mounted
inside the beam line. Magnetic coils are mounted at various places on the beam
line. Entire integrated beam system was checked for its vacuum performance and
a vacuum of 3 x 10~8 mbar was obtained. The control panel for the optimization
of beam parameters is ready. Primary 22Na source in a sealed capsule has been
procured. The design and fabrication of radiation shielding assembly around the
source line is in progress. Commissioning of this LEPB system is scheduled for the
next year.

v) Development of PC based instrumentation

Several experiments in MSD have been automated using PC add-on cards, which
are designed and developed in-house. A common feature of the design is that besides
being completely user friendly, there is no processor on these cards and the host
CPU of the PC is only occasionally called into use. Three examples are presented
which represent different experimental situations and requirements. These in-house
developments signify the beneficial interaction of experimentalists and electronics
personnel in achieving fruitful and challenging goals.

1. Mossbauer data acquisition add-on card:

This card generates the waveform for the drive unit, generates the dwell time
marker pulses and counts the energy selected single channel analyzer (SCA) pulses
[DA07]. Practically zero dead time has been achieved by using two counters. On
board dual port RAM ensures real time data acquisition. Fig. 19 shows the PC add-
on card for Mossbauer data acquisition system. The controlling software developed
using TURBO Pascal provides a versatile user interface with an on-line display of the
spectrum in addition to handling data acquisition in the background. This enables
the PC to be used for other tasks while data acquisition is in process. Several
laboratories and companies, both in India and abroad, have shown keen interest in
obtaining the technology of the card.

2. Automated high pressure-high temperature resistivity measurements:

The PC add-on card[DAHC] has been designed to have the following features:
(i) raise pressure (through an electrically operated pump) from an initial value Pj
to a final value Py, (ii) cycle temperature at each pressure value both up and down,
(iii) PID control at each temperature, (iv) record and store the voltages V] and V2

of the sample and calibrant at each temperature. A novel feature of the design is the
use of an 8-bit digital comparator both for temperature control and for the ON/OFF
switching of the electric pump. The user friendly software has been tailored to suit
the various situations of this experiment.



3. Scanner add-on card:

Several experimental situations need reversal of current, pole change-over or
similar switching sequence. While most of the automation is done using the IEEE
488 bus, current reversal is not easily achieved. The add-on card designed here takes
care of this in an elegant manner.

The control logic unit generates various control signals. The switching logic is
basically a Flip-flop which generates the enable signals for the CMOS switches. Only
a single command specifying the port address is needed to activate the card. This
has found extensive use in low temperature resistivity and specific heat experiments.

Other Developmental Activities

Colloidal particles in suitable solutions are often charged due to ionization of
acidic or basic functional groups attached to the particle surfaces during their syn-
thesis. These dispersed charged colloidal particles start interacting electrostatically
and self assemble into various crystalline orders. Under suitable conditions, a mi-
croscopic single crystal occurs either as a fee or bec crystal. Since the dielectric
constant of the spheres, in general, differs from that of the medium, the periodic
spacing of the spheres causes a periodic variation in the material dielectric con-
stant. Electromagnetic radiation will Bragg-diffract from this modulated dielectric
constant, in a manner similar to the diffraction of X-rays from modulated dielectric
constant of atomic and molecular crystals. However, in the case of colloidal crystal
modulation of dielectric constant is much larger than atomic and molecular crystals.
These colloidal crystals could be used to form devices that scatter light giving rise
to nonlinear Bragg diffraction [DAOl], which have potential applications in defence
and chemical industries.

The evaporation rate of lithium vapour from a charge exchange canal in an
accelerator has been investigated in the temperature range from 470 to 575 °C. The
influence of a wick lining in economizing the evaporation rate of lithium is studied.
It is found that the wick lining helps reduce lithium evaporation rate by about 20%
[DA02].

Hardened metal gaskets are used in the sample mounting assembly of diamond
anvil cell based high pressure experiments. The heart of this experimental apparatus
is a pair of diamond anvils with a sandwiched metal gasket having a central hole
in which the specimen, the pressure calibrant, the pressure transmitting fluid are
all loaded [DA05]. A simple device for drilling very precise small holes in the metal
gaskets has been developed using a spring-loaded platform mounted on a precision
mini drilling machine [DA03].

Growth and characterization of single crystals is an important area of materials
science. Single crystals of selenium are grown by solution method. The growth pat-
tern and crystal morphology of the crystals are studied and a new mesh-like growth
pattern in hexagonal Se crystal has been identified for the first time. Crystals having
hexagonal morphology are found packed together like hay stick bunches [DA04].

Atomic emission lines arising from the spontaneous emission from various excited



levels of atoms and ions are present in the discharge tube of gas lasers, along with
laser radiation. Though the intensities of these lines are several orders of magnitude
smaller than that of the laser, these are still comparable and often much stronger
than those of Raman lines. The presence of such interfering plasma lines and the
dye fluorescence makes the identification and quantitative analysis of the Raman
spectra difficult. Interference filters with multilayer dielectric coatings, fabricated
for specific wavelengths or tunable grating filters are often used to eliminate these
plasma lines. Not only these devices are expensive but also they have rather poor
transmission efficiency(w 60%). A novel device using tunable prism filter (TPF)
which uses two 60° dense flint prisms has been developed for this purpose [DA06].
The remarkable feature of this filter is the extremely high transmission efficiency («
90%) compared to the commercially available devices.

Development of thin films and wires of superconducting materials are very crucial
for technological applications. The advent of YBCO based high Tc superconduc-
tors has opened up new challenging avenues of materials synthesis in view of its
ceramic nature. Thin films of YBCO have been made by glow discharge deposition.
In this, a single target of stoichiometric compound YBa2Cu307-j: has been glow
discharge sputtered on to Mg(100) single crystal substrate. These films have been
characterized by SEM and TEM for its structural quality and the superconducting
properties have been evaluated by resistivity, AC susceptibility and critical current
density measurements. The processing conditions and the relation between the mi-
crostructures and superconducting properties have been studied in detail [DA08].

Design and Workshop group:

The mechanical design and workshop group has carried out a variety of tasks
involving design and fabrication of vacuum chambers for accelerator experiments,
UHV components, low temperature cryostat and other laboratory equipment. A
PC based CAD station for making precision design drawings has been acquired.
An interwoven cylindrical lead shielding assembly for low energy positron beam has
been designed. Nanophase synthesis chamber for University of Madras has also been
designed.

Performance of liquid Nitrogen and Helium Plants:

Pressure serving adsorption based liquid nitrogen plant with capacity 20-25
ltrs/hr was installed in 1990. The total production and distribution pattern of
the plant is as follows.

Year

1991
1992
1993

Production
(liters)

70,000
76,500
76,360

Consumption
(liters)

in in other labs of
MSD IGCAR & MAPS

36,500 30,000
37,000 33,000
40,300 28,600



Helium plant had produced 1917, 21?4 and 2384 liters in the years 1991, 1992 and
1993 respectively. A few major maintainence work on helium liquifier were carried
out in 1992 and '93.

(c) NOVEL MATERIALS

Noncrystalline materials and clusters evoke considerable interest owing to their
exotic physical and chemical properties. Various novel materials that are investi-
gated are quasi crystals, metallic glasses, clusters and fullerenes. A variety of ex-
perimental and theoretical techniques have been adopted to unravel and understand
some of the properties of these materials.

Quasicrystals

Progress in our understanding of the atomic structure of quasicrystals has been
made following the atomic structure of crystalline approximants and Pen rose lattices.
The local atomic environments in quasicrystals and crystalline approximants are
believed to be similar.

Mossbauer study of the Ali3Fe4 alloy has been carried out so as to understand
the distribution of local environments in Al-Fe quasicrystals. The results have been
analyzed on the basis of the structure of Ali3Fe4 as determined from earlier reported
X-ray diffraction study. The spectrum was fitted to two doublets and a Lorentzian
representing grossly, two types of Fe sites with different local atomic environments
in Ali3Fe4 and Fe solid solution in Al respectively. The area fraction of the two
doublets was found to be in agreement with the relative abundances of the two
types of sites in Ali3Fe4. Mossbauer spectrum of quasicrystalline samples exhibited
similar features except that the peaks are smoother as one would expect.

The electronic structure of a Fibonacci chain and a 2-D Penrose lattice has been
studied using a tight binding Hamiltonian, wherein the site energy car take two
different values depending upon whether the site is occupied by an A or B atom.
For the Fibonacci chain all hopping intergrals were taken to be equal and effects were
studied when a single A or B atom is replaced by a block of A or B atoms respectively
[NM02] . The electronic spectrum of a Fibonacci chain with only one A or B atom in
each block in this model has been shown to be singular continuous. However, when
there are more than one atom in each block, extended states are found to exist.
This means that the eigenstates should exhibit a change from extended to singular
continuous as a function of the energy. In order to characterize the states and this
change, a multifractal study was carried out for the extended, self-similar and the
non-self-similar wavefunctions obtained from a transfer matrix method. The cross-
over from the extended to non-self similar states' has been shown to be gradual. The
Poincare maps of the wavefunctions were studied and these corroborate the results
obtained from the multifractal analysis[NM02].

Electronic structure of a decagonal phase with a periodicity of two layers has
been studied [NM03]. Due to the lack of periodicity in two dimensions, a cluster
of 355 atoms was taken with the decorations of sites as suggested by our earlier
studies on the decagonal phase. The atoms at the boundary of the cluster were



connected with a Bethe lattice. Both the site energies and the transfer integrals
were varied depending upon the occupancy of the sites and the intersite separation.
Preliminary calculations[NM03] suggest that in this one band model, the general
features of the density of states are similar as obtained for the tetra- coordinated
lattice. In particular, the density of states is asymmetric as compared to an arrowed
rhombus Penrose lattice and there is no delta function like state at E=0.

Metallic glasses

Study of diffusion processes in noncrystalline materials evokes considerable in-
terest, owing to the absence of the underlying periodic order. In an attempt to
understand the self-diffusion of 63Ni tracer atoms in meatallic glass Fe4oNi4oB2o,
detailed SIMS measurements have been carried out. The samples have been irra-
diated with 300 keV Ni+ ions in the temperature range between 294 K and 582 K
with variable ion current densities. From the detailed SIMS investigations[NM04],
it is found that in the low temperature regime(< 500 K) the atomic transport is
dominated by cascade mixing. However, at higher temperatures thermally activated
transport is observed. The results indicate a transport process which is similar to
that in crystalline nickel and which can be described at higher temperatures by the
diffusion of radiation-induced defects and their mutual recombination[NM04j.

Metallic glasses are produced in ribbon form by melt spun technique. Due to the
difference in cooling rates of the opposite surfaces of the foil during its formation,
their texture and local atomic arrangement of atoms are thought to be different. In
a detailed SIMS study [NM05] of 63Ni tracer diffusion in Fe4ONi4oB2o sample, it is
found that the diffusion coefficients of "air-side" and "wheel-side" surfaces of the
sample are found to be similar. The samples are annealed in the temperature interval
575 K to 645 K for various annealing times. It is found that diffusion decreases
considerably with increasing annealing time until a well-relaxed amorphous state is
reached. The diffusion coefficients are found to exhibit Arrhenius behaviour. The
time dependence of measured diffusivity during structural relaxation is interpreted
in terms of elimination of excess free volume via quasi-vacancies annealing out at the
specimen surface which leads to an additional transport of the tracer atoms [NM05].

Clusters

Atomic clusters constitute matter that lie between atoms and bulk of a mate-
rial. Study of atomic clusters is of fundamental importance for understanding the
evolution of material properties from atoms to bulk as well as for technological ap-
plications such as in catalysis, magnetic tapes, photographic films and devices etc.
Theoretical and experimental studies have shown remarkable variation of properties
such as binding energy, ionization potential etc., of clusters, as a function of size.
Strong stability is found for some clusters which are referred to as magic clusters.

The ab-inrtio molecular dynamics method, in which the interatomic interactions
are calculated within the scope of density functional theory, offers possibility of get-
ting the atomic structure information of the clusters using the simulated annealing
technique. This technique has been used to study the atomic and electronic struc-
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ture of magnesium and antimony clusters. Magnesium clusters show a non-metal to
metal transition as the size of the cluster grows because its dimer is weakly bonded
due to a closed shell atomic electronic configuration whereas the bulk is a metal. It
is, however, not known when such a transition occurs and how big a cluster can be-
have like bulk. Present studies for Mg clusters having upto 13 atoms indicate [NM06,
NM07] that metallization in these clusters starts preferentially in some bonds as the
cluster size grows and that the progression to bulk behaviour is slow. The cohe-
sive energy per atom is found to vary very significantly with the cluster size and is
nearly half the value of bulk for a 13-atom cluster. The second order difference of
energy shows peaks for 4-, 7- and 10-atom clusters which are magic. Magic clusters
are compact with short bonds and therefore the bonding should be metallic-like in
such clusters. Also, unlike rare gases for which a 13-atom cluster is an icosahedron,
for Mgia, it lies higher in energy and a relaxed hep fragment is nearly degenerate
with the structure obtained from simulated annealing. This suggests development
of metallic character in this cluster. Further, similar to the atoms with closed shell
atomic configuration, the magic clusters are found to have a large gap between the
highest occupied and the lowest unoccupied molecular orbitals (HOMO and LUMO)
and are therefore less reactive as compared to non-magic clusters.

Simulated annealing calculations have also been performed on antimony clusters
[NM08, NM10]. The present calculations predict a regular tetrahedron to be the
lowest energy structure for a 4-atom cluster whereas a bent-rhombus structure lies
about 2 eV higher in energy. For Sb8, the lowest energy structure is two weakly
interacting tetrahedra in agreement with the mass spectroscopy findings of clusters
with 4n (n= an interger) atoms. However, another simulated annealing calculation
with different heat treatment gives a structure which can be described as a fused
tetrahedron-rhombus. This is nearly degenerate with the other structure. Therefore,
present calculations suggest that the molecular architecture could depend upon the
nucleation conditions, a conclusion also reached from experimental results and that
the magic clusters (such as Sb4) interact weakly through van der Waals interactions
as it is also the case for C6o- Also, though a bent rhombus lies about 2 eV highei
in energy than a tetrahedron, it plays an important role in the structure of larger
clusters.

Similar to the Hume-Rothery rules for the structure of metal alloys, an interesting
question is whether for a given number of atoms, the metal clusters with delocalized
electrons will have the same structure if the number of valence electrons is such as
to complete an electronic shell. In an effort to understand the structure of metal
clusters with 8, 20 and 40 valence electrons, studies were also performed [NM08] on
Sn5 cluster which has 20 valence electrons. Its structure is found to be the same as Sis
which is a trigonal bipyramid with a large bond length between the base atoms. This
is not typical of metallic bond and signifies a strong directional bonding. However,
it is interesting to note that Siio cluster has the same structure as that of Mgio- The
former has 40 valence electrons while the latter has 20. Both correspond to shell
closure in jellium model. Si and Mg clusters exhibit change in bonding character
as the size grows and it seems that their 10 atom clusters have metallic bonding.
On the other hand, Sb8 with 40 valence electrons has a very different structure as
compared to Na8. The present calculations suggest strong directional bonding for
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Sb clusters. It has therefore been suggested that the structure of magic clusters
should be an indicator of the nature of bonding in different clusters [NM08].

Continuing work on metal clusters, doped clusters of aluminum with 40 valence
electrons have been studied [NM09] in order to develop new species which could
be used as the building blocks of new materials. Al^3 clusters have been found to
be strongly abundant in a mass spectrum. Al13 has 39 valence electrons which is
one short of the shell closing. The lowest energy structure for Al]3 is a slightly
distorted icosahedron. Substitution of the central Al atom by a tetravalent atom
such as Si and Ge leads to a large gain of about 3 eV and makes the icosahedral
cluster compact. Substitution with carbon also leads to a large gain of about 4 eV
but C is not optimally bonded. Doping with B leads to the largest gain and it is in
agreement with the abundance of Ali2B" clusters.

Fullerenes

In the area of novel materials, fullerenes are in the forefront owing to their elegant
molecular structure and intriguing physical properties. The discovery of simple
scheme for the large scale production of fullerenes has opened up new avenues of
exciting research to understand many of its physical phenomena.

The bulk synthesis of fullerenes has been carried out by the resistive heating of
graphite using a home built apparatus [NM12, NM15]. A schematic view of the
apparatus is shown in fig. 20. The soot obtained is chemically treated with toluene
to extract soluble fullerenes, which is followed by their chromatographic separation.
Characterization of the fullerenes is carried out using UV-VIS Spectrometry and
X-ray diffraction.

The room temperature structure of C70, evaporated from toluene using X-ray
diffraction (XRD) was determined to be hep (P63/mmc) with a = 10.53 Aand C =
17.24 A[NM18, NM19]. The observed XRD pattern has been quantitatively inter-
preted by incorporating the presence of orientational disorder, stacking faults and a
microcrystalline phase. C70 films produced by sublimation of the hep C70 indicate
an fee phase with a = 14.89 A. The occurrence of both hep and fee structure in this
system has been rationalized in terms of cohesive energy calculations.

Positron lifetime measurements have been carried out in pristine Ceo as a function
of pressure upto 14.7 kbar and in the temperature range from 10 K to 300 K [NM13].
The measured positron lifetime is seen to decrease with increase in pressure, with
a distinct slope change at the orientational ordering transition pressure of 5 kbar.
Ab-initio calculation of the positron density distribution in the fee Cgo indicates that
the positron density is peaked at the octahedral and tetrahedral interstitial sites, im-
plying that the positron does not probe the insides of the Ceo cages, vindicating the
large observed decrease in positron lifetime with pressure. The measured positron
lifetime in the 300 K to 10 K range is seen to decrease with no noticeable change
at the orientational transition temperature of 260 K. The decrease is understood
based on the lattice contraction of the Ceo lattice with decrease in temperature.
In investigation of the thermal stability of Ceo [NM14], it was found that fee Cso
transforms into an amorphous structure for heat treatments beyond 700°, all treat-
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ments being carried out under vacuum. The amorphous structure was attributed
to the amorphous carbon since the samples showed no evidence for the presence of
molecular Cgo- Resistivity measurements indicated that the amorphous structure
was conducting with a negative coefficient of resistance.

A tight binding model has been fitted to the ab-initio LDA derived energy bands
of fee solid Ceo [NM16, NM17]. The variation of the band width as a function of lat-
tice constant is investigated, which shows a 30% decrease from K3C60 to Rb2CsC6o.
The density of states at the fermi level is used to estimate the variation in the su-
perconducting transition temperature using McMillan's formula, which is found to
be in reasonable agreement with the experiment. Band structure calculations were
also carried out for the orientationally ordered Pa3 structure.

Several experiments were undertaken to intercalate Ceo with alkali, alkaline-earth
and rare-earth metals [NM12, NM15]. The K and Rb doped Ceo were observed to
be superconducting with Tc of 18 K and 27 K respectively. Rb-doping was carried
out in C6o-C7O mixtures which indicate no superconductivity in samples containing
greater than 30 % of C70. In addition, superconductivity was observed in Ba doped
C6o at 5.6 K and in Yb doped C$o at 6 K.

(d) PHASE TRANSITIONS AND RELATED PHENOMENA

Investigations of the stability of various phases of the condensed matter under
different thermodynamic conditions and the study of associated phase transitions
has been one of the themes of active research in this division. A wide variety of
systems ranging from semiconductors and insulators on the one hand to macro-
molecular systems such as colloidal suspensions on the other have been studied,
where different aspects and properties of specific systems have been probed. Some
of these include semiconductor to metal transition at high pressure, crystallization
of a-semiconductors, pressure induced amorphization, polydispersity driven amor-
phization of colloidal crystals, vapour-liquid like phase transition induced by ionic
strength in charged colloids, ordering in lower dimensions and photo thermal stabil-
ity of colloidal crystals. A variety of experimental techniques such as Raman spec-
troscopy, X-ray diffraction, electrical resistivity, light scattering optical microscopy
and laser diffraction were employed to study different properties to identify and
characterize the phase transitions. A number of computer simulations were also
carried out to understand the observed phenomena.

Band structure and electronic properties of semiconductors are extremely sensi-
tive to the application of high pressure and exhibit structural and electronic tran-
sitions. Some of these include direct to indirect gap transition and semiconductor
to metal transition. Raman spectroscopic investigations on Zni-^MnxSe reveal that
the mixed crystals in the Wurtzite phase undergo two intermediate transitions be-
fore metallization [PT10]. A soft phonon is also observed in the high pressure phase.
Ternary chalcopyrite semiconductor AgGaSe2 exhibits a sequence of three transitions
occurring at 30, 50 arid 82 kbar respectively. The material is also found to become
indirect gap semiconductor across the second transition [PT17]. X-ray diffraction
studies show that, amorphous selenium becomes crystalline with a hexagonal unit
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cell when subjected to 106 kbar [PT16]. P-T phase diagram of uranium has also
been obtained from electrical resistivity experiments [PT15].

Phase transitions from one crystalline state to another, driven by temperature
or pressure have been well known in the past; however, recently some materials have
been found to exhibit an unusual transition to an amorphous state, when subjected
to high pressure. LiKSO-j, an ionic crystal with a molecular ion, has been found
to exhibit c —» a transition around 130 kbar after undergoing a set of intermediate
structural transitions at much lower pressures. Raman spectroscopic investigations
have revealed that the sulphate ions in the high pressure phases are orientationally
disordered and lead to eventual amorphization [PT08].

In addition to the investigations on atomic systems, a number of investigations
have been carried out on soft condensed matter such as colloidal dispersions which
have been found to mimic all the phases of real condensed matter. These studies
assume importance as one can use these to simulate condensed matter under extreme
conditions and predict the behaviour. Some of these include the phenomena of shear
induced melting and freezing. Further, the stability of colloidal crystals is seriously
affected by ionic strength, incident laser radiation arid the polydispersities of size
and charge which is unique to colloids. The investigations carried out on charged
colloids were aimed at addressing the fundamental as well as applied aspects of their
phases/structures, their properties and stability and associated phase transitions.

In a Monte Carlo simulation, colloidal crystals were found to turn amorphous
spontaneously when the charge polydispersity was increased beyond a critical value
[PT07]. The amorphous state was characterized by its pair correlation function,
structure factor and enhanced particle diffusion. Polydisperse crystals were found
to melt at lower ionic strength as compared to the monodisperse counterparts. A
phase diagram in the polydispersity ionic strength plane was also obtained [PT01].

Crystalline or liquid-like structural ordering in charged colloids was, until re-
cently, believed to be due to pure repulsive interparticle interaction of screened
Coulomb type. However, in the recent past there are many experimental results
including a reentrant phase transition reported from this laboratory, which cannot
be explained on the basis of repulsive interaction and suggest presence of attractive
interaction which dominates at large interparticle separation. If the: effective interac-
tion has a potential well, then the system must exhibit a vapour-liquid condensation
under appropriate conditions. In order to confirm this, angle resolved polarized light
scattering experiments were carried out as a .function of ionic strength and the exis-
tence of a vapour-liquid transition could indeed, be demonstrated frcm their structure
factors [PT09]. The estimated particle concentration in the liquid-'ike phase could
be quantitatively explained on the basis of recently formulated Sogarm potential.
Monte Carlo simulations were also carried out to probe other consequences of at-
tractive interaction and to understand the reentrant phase transition reported earlier
[PT18].

Colloidal crystals exhibit diffraction of monochromatic light in the same manner
as the real crystals for X-rays. Hence these can be used to diffract away the direct
laser beam or Rayleigh background in a Raman scattering experiment. However, one
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must make sure that the properties of colloidal crystals are not modified as a result
of heating due to laser beam. Thus, photo thermal stability of colloidal crystal is
an important consideration in this application [PT03]. Kossel ring pattern was used
to probe the variation of the lattice parameter. A dyed sulphonated polystyrene
colloidal crystal was found to undergo photo thermal compression at large laser
intensities (> 25 W/cm2) [PT05]. These results were analyzed using a linear chain
model incorporating the temperature dependent changes in interparticle interaction
[PT06]. Further, thermal diffusion from a single colloidal particle in the suspension
was calculated and the particle was found to cool within a few nano seconds [PT11].
This may have implications on the use of colloidal crystals as fast optical switching
device.

Investigations of the structural order close to the dielectric boundary [PT02]
using optical-absorption [PT12], optical microscopy and laser diffraction revealed
two dimensional order evolving into three- dimensional order as ionic strength is
reduced [PT14]. On the other hand, two-dimensional array of particles trapped on
a air- water interface exhibited instability leading to coagulated 2D layer [PT19].

(e) SUPERCONDUCTING OXIDES

Studies on superconducting oxides are continued and the problems investigated
have been the measurement of the temperature dependence of the positron parame-
ters across the superconducting transition and the study of oxygen vacancy defects,
metal vacancy defects induced by heat treatment or neutron irradiation. In the case
of Hf doped specimen in addition to positron lifetime, perturbed angular correlation
has also been employed.

Positron lifetime measurements were carried out in Bi-Sr-Ca-Cu-0 supercon-
ductor, across the superconducting transition temperature and as a function of heat
treatment temperature [SC01]. The lifetime does ::iot show any variation in the en-
tire range of temperature investigated, in sharp contrast to other cuprate supercon-
ductors [SC02]. The results are rationalized based on positron density distribution
calculations, which indicate that the positron samples the BiO layers rather than
the superconducting Cu-0 network. Positron lifetime measurement as a function
of heat treatment indicate a decrease in lifetime as the annealing temperature is
lowered from 800 to 100°C. The decrease in lifetime is correlated to the increase in
oxygen content and is argued as due to the oxygen intercalation between BiO layers.

Positron lifetime measurements as a function of neutron irradiation dose in
Y1Ba2Cu307-x [SC03] shows a direct correlation between the observed intensity of
large void component and the observed critical current density. Positron annihilation
studies in Hf doped YBCO [SC04] indicate that, when the quench temperature is
decreased from 900 to 300°C, the lifetime decreases. This is because of the increase
in oxygen stoichiometry, which is associated with the tetragonal to orthorhombic
transition. The observed difference in the lifetime between the high temperature
tetragonal phase and the low temperature orthorhombu: phase is seen to decrease
with Hf dopant concentration. The results are discussed ,:n terms of the influence of
Hf doping on the oxygen content in these systems.
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The TDPAC studies of Hf doped YBCO [SC06] indicated the presence of two
quadrapole interaction frequencies. By the systematic TDPAC measurements as a
function of annealing temperature, it has been inferred that: One of the quadrap-
oiar frequency is associated with Hf substitution at the Y site and the other was
attributed to Hf substitution at Cu(l) site.

Positron lifetime measurements as a function temperature in undoped and Sr
doped La2Cu04 were carried oat in the 25°C - 400°C [SC05]. The mean lifetime
is seen to increase with temperature, with a characteristic second component of
lifetime of 225 psec. Using the results of theoretical calculation it is argued that the
increase in lifetime with temperature arises due to positron trapping at thermally
generated vacancies, from which a vacancy formation energy is estimated to be 0.39
± 0.04 eV.

(f) THEORETICAL STUDIES

Important areas of basic research taken up in the Theoretical Studies Section
pertain to formalisms of classical and quantum mechanics, gauge theory of defects,
random walks, nonlinear dynamics and ab-initio calculations.

A study of the algebraic structure of Nambu's formalism was taken up. Nambu's
work pertained to generalization of the Liouville's theorem in phase space to odd
number of degrees of freedom. This necessitated a change in the algebraic structure
of conventional classical mechanics. In [TS01,TS02], it has been shown that the
tensor product composition of two Nambu classical algebras leads to a structure
of a different type as compared to the structure of the components. Quantum
analogue of the Nambu mechanics is also investigated in the same spirit and found
to lead to identical results. These findings imply that there is no consistent theory
of measurements in the Nambu formalisms. Moreover Nambu's classical mechanics
can not be quantized.

q-deforrnation of mathematical structures has received considerable attention in
the recent times in the area of quantum groups mainly because it holds a promise
for discovering new integrable nonlinear mathematical models in various branches
of theoretical physics. Motivated by this, q-deformations of the algebraic struc-
tures of classical and quantum mechanics-the so called Hamilton algebras have also
been investigated. The tensor product composition of the q-deformed algebras is
examined. Interestingly, it is found that the q parameters of the component alge-
bras and the composite algebra could be quite different yet preserving the algebraic
structures. Conventional quantum mechanics can be viewed as a sort of ft-deformed
classical mechanics. But the h parameter retains its identity under the tensor prod-
uct composition. This means that % has a fundamental role to play unlike the
q- parameter [TS03].

Earlier studies on gauge theory of dislocations and disclinations were confined to
isotropic elastic continuum. Cosserat contiuum is one with microstructures incorpo-
rated into the structureless elastic continuum. An example of such media is a liquid
crystal. In the present formalism [TS04,TS05], gauge theory has been generalized to
such cosserat continuua to obtain the stress field of a wedge disclination. Vortices
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in an Euler fluid are the analogues of dislocations in a solid. It is shown that a
gauge theory of vortices in an Eulerian fluid can be developed along the same lines
Rankine's classic model of a vortex has been improved upon in this gauge theoretical
approach.

The Mobius transformation was applied [TS06] successfully to calculate the pair
potential in face centered cubic metals. It was found that this method is faster and
yields more accurate results as compared to the existing techniques.

Another area in which significant work has been done is on Random Walks.
A study [TS08] of myopic random walks on a semi infinite strip of a square lattice
showed that the diffusion length characterizing the stochastic motion along the strip
was dependent on the width of the strip. Generalizing this result to d-dimension.,
one finds that the diffusion length has an explicit geometry dependence, suggesting
an exciting possibility that this parameter can be used to probe the geometry oi
the structure on which diffusion takes place. Introducing bias to the walks on a
finite chain with myopic boundaries, it was found [TS09] that the asymptotics do
not lead to stationary distribution. An interesting finding [TSlO] in the context of
simple random walks on a finite chain relates to the fractal measures associated with
the time of passage to an adjacent absorbing site with a reflecting bour,dary on the
far side. The moments of the first passage time, diverge with the chain length and
the exponent characterizing the divergence is related non-linearly to the moment
index. This signals the scale invariance of the first passage time distribution. When
a multifurcating hierarchy of teeth is attached to the sites on the linear chain, the first
passage time to cross the backbone exhibits transition from regular to anomalous
behaviour [TS07]. This happens when the parameter controlling the re ative size of
the teeth is changed with respect to the furcating index of the hierarchy. The origin
of the anomalous diffusion, is traced to the nature of the waiting time distribution
on the backbone sites due to diffusion on the hierarchical tooth attached to that
site.

In the context of nonlinear dynamics, the response of a Fabry-Perot interferom-
etery system-to periodic optical drive is investigated [TS11]. Interesting findings
include the variety of the routes to chaos, coexistence of multiple aWractors and
mode locking.

In the area of hydrodynamics, computation of the drag force on ;. sphere im-
mersed in a fluid is a classic problem. Faxen had solved this problem in an inge-
nious way employing the method of images. A fluid whose particles possess angular
momenta, and therefore rotational degrees of freedom is considered. Faxen's work
has been generalized to compute the drag force and the drag torque on a sphere
immersed in such a fluid [TS12].
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d< nscd Mutttr Physics". Hyderabad. December •_>!) "92 - .Jan. ">. <)•) p..121

4 9 / N M 0 3 C Effect of Xi substitution in Fe80Hj(j on magnetic contribution to electrical
resistivity
G. Yenugopal Rao and Anil K. Bhatnagar
ibid. p. 324

5 0 / N M 0 4 C Resistivity and calorimetric sludies in amorphous FeuuNi-joB^o alloy
G. Yenugopal Rao and Anil K. Bhatnagar
Solid State Physics (India) 3GC, 324 (1993)

5 1 / N M 0 5 C Kinetics of crystallization in amorphous Fe8O_iNixB2o alloys
G. Yenugopal Rao and Anil K. Bhatnagar
Solid State Physics (India) 3fiC, 442 (1993)

Fullerenes

5 2 / N M 0 6 C Investigations on structure and superconductivity of fullerenes {Invited talk)
A. Bharathi • '
Solid Slatt Physics (India) V>£_, IT I (19.92)

5 3 / N M 0 7 C High Pressure X-ray difFraction studies on solid C70

Mohammad \ousuf, N. Subramanian, P.Ch. Sahu, M. C. Valsakumar, C.S.
Sundar, Y. Hariharan, A. Bharathi and V. Sankara Sastry
Discussion Meeting on High Pressure Science Si Technology, NAL, Bangalore
(October 10, 1992)

5 4 / N M 0 8 C The crystal structure of fullerenes C70

M.C. Valsakumar, N. Subramanian, Mohammad Yousuf, P.Ch. Sahu, Y. Har-
iharan, A. Bharathi, V. Sankara Sastry, J. Jayapandian, T.S. Radhakrishnan,
G.Y.N. Rao and C.S. Sundar
Solid State Physics (India) 35C, 77 (1992)

5 5 / N M 0 9 C Crystal structure and disorder in solid C70

N. Subramanian et al
Discussion mfetiny on Physics and chemistry of Fullerenes, JXCASR-I1SC.
Bangalore. (1993)

56 /NM10C Effect of size on the optical absorption in C,;o microcrystal
A. Bharathi. B.Y.R. Tata. M. Rajalakshmi. R. Kesavamoorthy. \ . Hariharan.
C.S. Sundar and A.K. Arora
Solid State Physics (India) \\i\C_. I2l) (1993)



5 7 / N M l l C Search for phase transitions in C70 at low temperatures
J. Janaki, G.V.N. Rao, V.S. Sastry, Y. Hariharan, T.S. Radhakrishnan, C.S.
Sundar, A. Bharathi, N. Subramanian and M.C. Valsakumar
Solid State Physics (India) 36(1, 443 (1993)

58/NM12C Specific heat study of orientational transformation in Ceo
D.V. Natarajan, K.V. Devadhasan, V.S. Sastry, Y. Hariharan, C.S. Sundar,
A. Bharathi and T.S. Radhakrishnan
Solid State Physics (India) 36C, 452 (1993)

59/NM13C Positron annihilation studies on fullerenes C«o and C70
C.S. Sundar, A. Bharathi, Y. Hariharan, M. Premila and Padrna Gopalan
Solid State Physics (India) 36C, 78 (1993)

60/NM14C Raman spertroscopy of carbon tubules and nanoparticles
N. Chandrakar, A.K. Sood, Y. Hariharan, A. Bharathi and C.S. Sundar
Solid State Physics (India) 36C, 109 (1993)

61/NM15C Optimisation of a flash high yield separation method for fullerenes
A. Bharathi, M. Premila, Padma Gopalan, C.S. Sundar and Y. Hariharan
Solid State Physics (India) 36C, 530 (1993)

62/NM16C Hysteresis in the specific heat of Ceo fullerenes thin films
Shailendra Kumar, A. Bharathi, Y. Hariharan and C.S. Sundar
Solid State Physics (India) 36C, 455 (1993)

PHASE TRANSITIONS AND RELATED PHENOMENA

63/PT01C Raman spectroscopic study of high pressure Phase transitions in AgGaSe2

Akhilesh K. Arora, T. Sakuntala and L. Artus
Solid State Physics (India) 34C, 73 (1991)

64/PT02C Crystalline to Glass transition driven by random interactions
Akhilesh K. Arora and B.V.R. Tata
Sotid State Physics (India) 34C, 365 (1991)

65/PT03C Identification of order-disorder transition in charged colloidal suspension
B.V.R. Tata and Akhilesh K. Arora
Solid State Physics (India) 34C, 366 (1991)

66/PT04C Thermal diffuse scattering from colloidal crystals
Paul A. Rimdquist, R. Kesavamoorthy, S. Jagannathan and Sanford A. Asher
Proc. Pittsburgh Conference, Chicago (USA) 352 (1991)

67/PT05C Behaviour of Uranium under pressure - Recent results
P.Ch. Sahu, Mohammad Yousuf and K. Govinda Rajan
"Recent Trends in High Pressure Research", Proc. XIIIAIRAPT, A.K. Singh
(Ed.) (Oxford IBH. New Delhi, 1992) p. 74
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6 8 / P T 0 6 C High pressure X-ray diffraction studies on amorphous selenium
Mohammad Yousuf. P.Ch. Sahu, .N.V. Chandra Shekar. M. Mahendran and
K. Govinda Rajan
ibid. p. 159

69/PT07C High pressure-high temperature electrical resistivity studies on early actinides
- Thorium and Uranium
P. Ch. Sahu, Mohammad Yousuf, K. Govinda Rajan
Invited paper presented at the International Workshop on "Electronic Struc-
ture Calculations and Properties of Materials'", held at Anna University, Madras,
November 16-24, 1992

70/PT08C The fascinating world of actinides
Mohammad Yousuf, P.Ch. Sahu, N.V. Chandra Shekar, N. Subramanian and
K. Govinda Rajan
ibid

71/PT09C High pressure X-ray diffraction studies on UA13

P.Ch. Sahu, Mohammad Yousuf, N.V. Chandra Shekar, N. Subramanian and
K. Govinda Rajan
ibid

72/PT10C High pressure phase transition in AgGaSe2 : A Raman spectroscopic study
Akhilesh K. Arora, T. Sakuntala and L. Artus
Recent Trends in High Pressure Rescardi, Ed. A.K. Singh (Oxford - IBM, New
Delhi 1992) p. 268; Proc. XIII Airport Int. Conf. on High Pressure Science
and Technology, Bangalore

73/PT11C Orientational disorder and pressure induced amorphization in LiKSO^ [Invited
talk)
Akhilesh K. Arora and T. Sakuntala
ibid

74/PT12C Pressure tuned resonance Raman scattering: A novel probe for electronic prop-
erties of semiconductors {Invited talk)
Akhilesh K. Arora and T. Sakuntala
Int. Workshop on Electronic Structure Calculation and Properties of Materi-
als, Madras (1992)

75/PT13C Structural evolution of electrostatically stabilised silica suspensions
S. Tandon, S. Xu, S. Jagannathan. S.A. Asher and R. Kesavamoorthy
Proc. Pittsburgh Conference. New Orleans. USA (1992)

76/PT14C Instability of 2D colloidal crystal at water-air interface
R. Kesavamoorthy. C Babu Rao and Baldev Raj
Solid State Physics (India) £>C. 82 (1992)

77/PT15C Is effective pair potential in charged colloids attractive?
B.Y.R. Tata. M. Ra jalakslimi and Akhilesh K. Arora
I)isci.^.-ion intiling on Dgnurnicul Asptcts of Fluid /'liases. N e w D e l h i (1!MK5)



78 /PT16C Crystalline to amorphous transition at high pressure (Invited talk)
Akhilesh K. Arora
Third National Conf. on Phonon Physics, Cochin (1993)

79 /PT17C Raman scattering study of phonons in potash alum at high pressure
T. Sakuntala and Akhilesh K. Arora
ibid

80/PT18C Pressure tunned resonance Raman scattering in AgGaSe2
T. Sakuntala and Akhilesh K. Arora
Solid State Physics (India) 36C, 239 (1993)

81/PT19C Is the ground state of a charge polydisperse colloid disordered or charge or
dered?
B.V.R. Tata and Akhilesh K. Arora
Solid State Physics (India) 36C, 99 (1993)

82 /PT20C Structural order in bacterial colony
R. Kesavamoorthy, C. Babu Rao and T. Subba Rao
Dynamical Aspects of Fluid Phases (India) (1993)

83 /PT21C Why DLVO potential is not applicable to bacteria?
R. Kesavamoorthy, C. Babu Rao and T. Subba Rao
Solid State Physics (India) 36C, 95 (1993)

84/PT22C Novel vapour-liquid transition in charge stabilized fluids (Invited talk)
B.V.R. Tata
Solid State Physics (India Ml, 11 (1993)

SUPERCONDUCTIVITY

85/SC01C Metallurgy of melt textured YBa3Cu307
V.S. Raghunathan, T.S. Radhakrishnan, P. Kuppuswamy, Y. Harih&ran and
A.L.E. Terrance
Solid State Physics (India) 34C., 335 (1991)

86/SC02C Critical issues in melt textured processing of
V.S. Raghunathan, T.S. Radhakrishnan, P. Kuppuswamy, Y. Hariharan, C
Narayanan and A.L.E. Terrance
45th Annual Technical Meeting, IIM, Ranchi, India (1991)

87/SC03C Structural instability and superconductivity in EuMCV'Sg and high pressure
investigations in chevrel phase superconductors (Invittd talk)
T.S. Radhakrishnan et al
International Workshop on Chevrel Phase Superconductors Switzerland (J091)

88/SC04C Microstructure and texture of thin films of YBajC.isO*
P. Kuppusamy, V.S. Raghunathan, S. Raju, Y. Harihavan and A.G. Vede.sw*-
Solid State Physics (India) 34C, 334 (1991)
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89/SC05C Pressure dependence of Tc in Nb-Ti upto 6 GPa
S. Arumugam, V.S Sastry, S. Kalavathi, Y. Hariharan, S. Natarajan and T.S.
Radhakrishnan
Solid State Physics (India) 34C, 337 (1991)

90/SC06C SAXS study in YBCO - correlated oxygen ordered clusters
G.V.N. Rao, V.S. Sastry, Y. Hariharan, and T.S. Radhakrishnan
Solid State Physics (India) 34C, 338 (1991)

91/SC07C Positron annihilation studies on high temperature superconductors (Inviltd
talk)
C.S. Sundar and A. Bharathi
Solid State Physics (India) 34C, 163 (1991)

92/SC08C Investigation of superconductivity in Nb-Ti upto 6 GPa
S. Arumugam, V. Sankara Sastry, S. Kalavathi, Y. Hariharan, D. Natarajan
and T.S. Radhakrishnan
Recent Trends in High Pressure Research, Ed. A.K. Singh (Oxford IBH.
Bomb-ay) p.431 (1992)

93/SC09C Superconductivity in a new Nd-Ba-Ca-Sr-Cu-O system
S. Arumugam, S. Natarajan, V.S. Sastry, T. Geethakumary, T.S. Radhakrish-
nan, V. Sankaranarayanan, C.K. Subramaniam, V. Ganesan and R. Srinivasai;
Solid State Physics (India) 35C, 72 (1992)

94/SC10C DC Magnetisation studies on the new superconducting Nd-Ba-Ca-Sr-Cu-O
system
S. Arumugam, S. Natarajan, V.S. Sastry, T. Geethakumary, T.S. Radhakrish-
nan, V. Sankaranarayanan, C.K. Subramaniam, V. Ganesan and R. Srinivasan
Solid State Physics (India) 35C, 318 (1992)

95/SC11C Structure and superconductivity in Rb3(C6o)i-ar(C7o)a.-
Y. Hariharan, A. Bharathi, C.S. Sundar, T. Geethakumari, G.V.N. Rao, T.S.
Radhakrishnan and M.C. Valsakumar
Solid State Physics (India) 35C, 337 (1992)

96/SC12C Investigation of the resonant modes of Nb-A^OvNb Josephson junctions
K. Gireesan, M.P. Janawadkar, R. Baskaran, Rita Saha, L.S. Vaidhyanathan
and T.S. Radhakrishnan
Solid State Physics (India) 36C, 362 (1993)

97/SC13C On the interpretation of high pressure resistivity results on chevrel phase com
pounds and high Tc superconductors
ibid, p.413
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Random Walks

98/TS01C Ultrw diffusion on a multifurcating hierarchical structure
K.P.N. Murthy, V. Sridhar and M.C. Valsakumar
•Solid State Physics (India) 34C, 236 (1991)

99/TS02C Random walk on random and hierurchica! structures (Invited talk)
K.P.N. Murthy
Seminar on '' Current Directions in Physics Research", IIT, Madias (J :ily 1991)

100/TS03C Deep penetration problems (Invited talk)
K.P.N. Murthy
Workshop on " Theory and Practice of Monte Carlo Techniques'1, BARC, Born-
bay (September 1992)

101/TS04C Walks, tails and multifractals
K.P.N. Murthy, S. Rajasekar, M.C. Valsakumar, V. Sridhar and R. Krishnan
Solid State Physics (India) 35C, 61 (1992)

102/TS05C Diffusion in disordered systems
K.P.N. Murthy, K.W. Kher and S. Rajasekar
Indo-US Workshop on "Ordering Disorder : Prospects and Retrospects in Con-
densed Matter Physics", Hyderabad (January 1993)

103/TS06C Fractal measures in a deep penetration problem
K.P.N. Murthy, R. Indira and T.M. John
X National Symp. on Radiation Physics, Kalpakkam (August 1993)

104/TS07C Fractal measures and fluctuations in a critical system
A. John Arul and K.P.N. Murthy
ibid

105/TS08C Multifractal analysis of mean first passage time on a Sinai lattice
K.P.N. Murthy, S. Rajasekar and K.W. Kehr
Solid State Physics (India) 36C, 27 (1993)

106/TS09C Random walks, long tails, devil's staircase and fractal measures
H.K. Sahu, M.C. Valsakumar and K.P.N. Murthy
Solid State Physics (India) 36C, 331 (1993)
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DEFECTS AND RADIATION DAMAGE

STUDIES

nnAI Radimiim Egtm mul Detcas m Suliib. 1991. Vol. IIH. pp. J 1 7 - J M c 1991 Gordon and Breach. S.A.
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POSITRON ANNIHILATION STUDY OF HELIUM
CLUSTERING IN ALPHA IRRADIATED COPPER

G. AMARENDRA, B. VISWANATHAN and K. P. GOPINATHAN

Materials Science Division. Indira Gandhi Centre for Atomic Research,
Kalpakkam 603 102, Tamil Nadu, India

(Received January 21, 199!; in final form August I, 1991)

Helium clustering in alpha irradiated copper has been investigated by. positron annihilation spectroscopy.
Pure copper samples have been homogeneously helium implanted using a cyclotron, yielding helium
concentrations of lOOappm and 400appm. Post-implantation positron lifetime and Doppler broadened
annihilation lineshape measurements have been carried out on these Cu samples as a function of isochronal
annealing temperature. An annealing stage observed in the isochronal annealing curve viz., a marked
reduction in the resolved lifetime i3 and an increase of its intensity A. is explained as due to the formation
of helium bubble embryos. At higher annealing temperatures, r, corresponding to helium bubbles increases
and saturates while its intensity /, decreases, indicating an increase in the size of the bubble with a
concomitant decrease in the bubble concentration. This stage is interpreted to be the bubble growth stage.
From an analysis of positron lifetime parameters in the growth stage, helium atom density, bubble size and
">ubble concentration ha ve been deduced at various annealing temperatures. The bubble characteristics are
iound to be affected by :he helium dose. The present results on direct helium implanted Cu are compared
with those of our earlier study on n-irradiated Cu-B, where helium was introduced using l(lB(n. s)'Li
reaction.

Key words: helium in metals, cyclotron Helium implanted Cu, Positron annihilation, helium bubbles, bubble
growth.

D R 0 2 r'xt"m"<lal Axpras •>[ !nert Casts in Solid!, 209
: ''M by S.E. Donnelly and J.H. Evans, Plenum Press, Ne» York, 1991

POSITRON STUDIES OF HELIUM (N Ni, Ni-Ti
AND Ti-STABJLISED STEEL

B. Viswanaihan an*i G. Amarcndra

Materials Science Division, Indira Gandhi Centre for Atomic Research
KnlpaUum-M.lHK. India

ABSTRACT
Pos.'rfon lifetime and Dopjif.;r lincshapc studies hfvc been made lo obtain detailed information on
bubble structures in Ni, Ni-; i ,<• ' Ti --stabilised stainless steel, implanted with lOOappm helium and
aiinialcd at temperatures up to 1200 K. The temperature of formation of stable bubble embryos,
wh xh retain helium, has rx;cn identified in Ni as 750 K. On the basis of computed positron lifetimes
in' iclium decorated clusters, positron sensitivity Ui the size, hclium-to-vacancy ratio and configu-
r& ional structure of gas-defect complexes is showr. PAT analysis of the bubble coarsening stage in
N. indicates overpressure in bubbles, in excess of wliatiscxpcctcd from the behaviour of equilibrium
b1 jbblcs. The implication of this behaviour is discussed. Studies in dilute alloys of Ni-Ti show clear
I' ends for resistance tf > bubble coarsening with increasing Ti-conccntraiion. Finally, the influence
of TiC precipitates o'/i bubble structures in austenitic matrix is qualitatively discussed from PAT
measurements on hc.lium irradiated steel containing Ti.
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HELIUM BUBBLES IN MOLYBDENUM
INVESTIGATED BY POSITRON ANNIHILATION

SPECTROSCOPY

P. M. G. NAMBISSAN and P. SEN

Saha Institute of Nuclear Physics, Calcutta 700 009, India

and

B. VISWANATHAN

Material Science Division, Indira Gandhi Centre for Atomic Research, Kalpukkam
603 102, India

(Received April 10, 1990; in final form My 19, 1990)

Rasitron lifetime ami Doppler broadening measurements have been performed in homogeneously helium
implanted (715 apj m) molybdenum. A new stage beyond the temperature range of stability of voids has
been observed. The shorter lifetime component r r=158±2ps of 60% intensity is assigned to the
positron state in heiium-decorated dislocation loops while the longer lifetime component r, ~ 408 ± 5 ps
of 40% intensity is explained in terms of positron trapping at voids with a small percentage of helium
associated with them. Dissociation of helium from loops is observed in the range 300-800 K followed by
loop annealing £ hove 900 K. A sharp reduction of t2 around 1300 K is assigned to multiple helium
occupancy of voids, resulting in their transformation into stable bubbles. Helium retention in bubbles is.
found stable up t. a the highest annealing temperature of 1700 K. The bubble parameters deduced from the
positron lifetime results reveal that the pressure in the bubbles is maintained at the near-equilibrium value
and that the vac ,incy mode of bubble growth is operative, in contrast to the reported growth of atheraial
bubbles in moh .jdenum following very low energy helium implantation where loop punching mechanism
seems to contiol the excess pressure in bubbles. A brief comparison is also made between the observed
behaviour of helium with that of hydrogenin molybdenum and the differences are discussed.

D R 0 4 MaunekScience Forum Vols. 105-110(1992)pp. 1197-1200
Copyright Trans Tech Publications, Switzerland

HELIUM IN PALLADIUM STUDIED BY POSITRON ANNIHILATION

R. RajaraTian, G. Amarendra, f3. Viswanathan and K.P. Gopinathan
Materials. Science Division, Indira Gandhi Centre for Atomic Research, Kalpakkam 603 102. India

Keywords: palladium, positron lifetime) helium bubble growth, activation energy, migration and
coalescence

ABSTRACT
Positron lifetime and Dopp\er broadened lineshape measurements in
c*d, helium implanted to concentrations of 100, 150 and 250 appm,
are reported. From the pr .st-implantation annealing measurements,
the onset of bubble growt'.i is identified to be at 77OK. From the
variation of bubble radius, and bubble density, as deduced from the
an. lysis of lifetime parameters, two growth regimes with different
ac'zivation energies for the three Pd samples with different He
concentrations are identified and discussed.
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Effect of titanium impurities on helium bubble growth in nickel

By G. AMARENDRAt, B. VISWANATHANT, R. RAJARAMANI, S. SRINIVASAN^

and K. P. GopiNATHANf

t Materials Soience Division, Indira Gandhi Centre for Atomic Resea ch,
Kalpakkam 603 102, Tamil Nadu, India

t Computer Centre, Indira Gandhi Centre for Atomic Research,
Kalpakkam 603 102, Tamil Nadu, India

[Received 30 October 1991 and accepted 11 November 1991]

ABSTRACT

Positron lifetime measurements in He-implanted Ni and Ni-Ti alloys contain-
ing dilute concentrations of Ti, during isochronal annealing, are reported. In the
initial annealing stage of Ni-Ti alloys, only a single lifetime ranging from 160 to
180ps is observed, in contrast with the two lifetimes seen in pure Ni. This indicates
saturation positron trapping at helium-bound Ti-vacancy complexes, formed in
high concentrations. Lattice statics calculations of the He binding energy at various
defect complexes in Ni-containing Ti give credence to the above interpretation.
Above 800 K, two lifetimes are resolved in Ni-Ti alloys, where the longer lifetime xz

increases with a sharp reduction in its intensity. This is indicative of He bubble
growth. The bubble radius rB and bubble concentration CB are obtained from an
analysis of positron lifetime parameters. These results indicate that, for a given
annealing temperature, rB is smaller by a factor of two and Ca higher by nearly an
order of magnitude in Ni-Ti than the corresponding values in pure Ni. This is
explained as due to significant retardation of bubble growth on the addition of Ti to
Ni, where the Ti impurities cause an impediment to bubble migration and
coalescence.
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Nucleation and growth of helium bubbles in nickel studied by positron-annihilation spectroscopy

G. Amarendra, B. Viswanathan, A. Bharathi, and K , P. Gopinathan
Materials Science Division, Indira Gandhi Centre for Atomic Research, Kalpakkam 603102, Tamil Nadu, India

(Received 22 July 1991; revised manuscript received 24 October 1991)

Positron-annihilation spectroscopy (PAS) has been used for the study of the behavior of helium in
nickel. Helium has been homogeneously implanted in pure nickel by a-panicle irradiation with use of a
cyclotron. Post-implantation positron-lifetime and Doppler-broadened lino-shape measurements have
been carried out as a function of the isochronal annealing temperature on ;he samples containing 100
and 400 at. ppm of helium. The marked changes in the annihilation parameters, observed around 750 K
in the helium-implanted Ni (100 at.ppm He), absent in the recovery of heliui a-frec irradiated Ni, have
been identified with bubble nucleation. In order to understand the effect of helium decoration of vacan-
cies on the positron lifetime, ab initio theoretical calculations have been carried out as a function of the
vacancy-cluster size and helium-to-vacancy ratic in the clusters. The computed positron lifetimes have
been used to interpret the experimental PAS results in the bubbie-nucleation stage. In the post-
nucleation growth stage above 750 K, the babble parameters, viz., bubble size and babble concentration,
have been extracted from an analysis of PAS date. An analysis of bubble growth in Ni indicates the ex-
istence of overpressurized bubbles and the implication of this result on biibble-growu' mechanisms is dis-
cussed. The helium-dose dependence of the bubble parameters is also ev.aiuated from -.hese experimental
PAS results.
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Positron Lifetime Studies of Helium Bubble
Kinetics in Alpha-Irradiated Copper

REF£S£NC£: Araarendra. G., Viswanathan. B., Rajaraman, R., and Gopinathan. K. P., "Pos-
itron Lifetime Studies of Helium Bubble Kinetics in Alpha-Irradiated Copper," Effects of Radi-
ation on Materials: JSth International Symposium. ASTMSTP1125. R. E. Stoller. A. S. Kumar,
and D. S. Gelles, Eds.. American Society for Testing and Materials, Philadelphia, 1992, pp. 875-
882.

ABSTRACT: The kinetics of nucieation and growth of helium bubbles in alpha-irradiated cop-
per have been investigated by isothermal positron lifetime studies. Helium has been homoge-
neously implanted in pure copper samples using alpha particles from a cyclotron to a concen-
tration of 100 appm. Postimplantation positron lifetime studies have been earned out in (he
bubble nucieation stage at isothermal annealing temperatures of 500,520. and 550 K. The mean
positron lifetime, r, shows a decrease as annealing time is increased, and the rate of decrease of
f is faster for higher annealing temperatures. These changes in f indicate that the rate-controlling
mechanism for bubble nucieation is thermally activated migration of helium co the nucleating
site. The activation energy for helium migration. EHC has been determined from an analysis of
these isothermal curves employing the cross-cut method. The deduced vaiue for £ g , is found to
be 1.36 ± 0.15 eV. This supports helium migration by an impeded interstitial migration mech-
anism, otherwise known as the dissociative mechanism, for which the activation energy in Cu is
estimated to be in the range 1.20 to 1.49 eV. Isothermal positron lifetime measurements have
also been carried out in the bubble growth regime at annealing temperatures of 720. 750, and
775 K. An analysis of the isothermal variation of the mean lifetime, r. similar to the above, yields
.an activation energy for the bubble growth as £<; * 2.4 ± 0.3 eV. This suggests that the Ostwaid
ripening process is responsible for the helium bubble growth in copper.

KEY WORDS: helium in metals, alpha-irradiated copper, positron lifetime, helium migration,
activation energy, nucieation and growth, bubble growth mechanism

B. Viswanathan,1 G. Amarendra,1 andR. Rajaraman1

DR08
Helium Bubbles in Titanium-Stabilized
Austenitic Stainless Steels Investigated by
Positron Annihilation Spectroscopy

REFERENCE: Viswanathan, B., Amarendra, G., and Rajaraman, R., "Helium Bubbles in Tita-
nium-Stabilized Austenitic Stainless Steels Investigated by Positron Annihilation Spectros-
copy," Effects of Radiation on Materials: 15th International Symposium, ASTMSTP1125, R.
E. Stoller, A. S. Kumar, and D. S. Gelles, Eds., American Society for Testing and Materials,
Philadelphia, 1992, pp. 495-506.

ABSTRACT: Positron lifetime and Doppler line-shape studies have been made on helium-
implanted (100 appm) titanium-stabilized austenitic stainless steels (TiSS), following two differ-
ent preiiradiation sample treatments. For both TiSS, (solution-annealed sample) and Ti5S2

(solution-annealed plus cold-worked plus aged sample), the variation of line-shape parameter
/„ as a function of postirradiation annealing temperature exhibits an initial decrease, a broad
shoulder between 670 and 970 K, and a final sharp fall beyond 1000 K. The lifetime T2 shows a
minimum at 670 K. beyond which it increases sharpiy accompanied by a decrease of its intensity
l2 for both TiSSi and TiSS2. The near-saturation value of T : at the higher annealing temperature
for TiSSi is found to be lower than that for TiSS,. The lifetime results of TiSS( are explained as
due to the nucieation and growth of helium bubbles formed at substitutional titanium com-
plexes, while the results of TiSSj are understood as due to nucieation and growth of bubbles at
fine TiC precipitates. From an analysis of bubble parameters based on the experimental data for
both TiSS, and TiSS2, and their comparison with those of titanium-free SS316 steel, significant
bubble size reduction and enhanced bubble density are indicated upon titanium addition. Above
1000 K. a third long lifetime component of weak intensity is observed for both TiSS, and TiSS2,
which might suggest bubble ripening with a bimodal distribution.
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POSITRON ANNIHILATION STUDY OF PALLADIUM-DEUTERIUM
SYSTEM

R. Rajaraman, G. Amarendra, D. Vasumathi* and B. Viswanathan
Materials Science Division, Indira Gandhi Centre for Atomic Research, Kalpakkam 603 102, India

' presently at Department of Physics, Brandeis University
Waltham, MA 02254, USA

Keywords: positron lifetime, lineshape, d-charged Pd, phase transformation, dislocation density,
defect recovery

ABSTRACT

Positron lifetime and Doppler broadened lineshape measurements are
reported in deuterium charged Pd. Marked increase and saturation in
annihilation parameters in the concentration range of
0.02 < D/Pd < 0.67 are explained by the increase of dislocation
density arising from the build-up of deuteride ((*) precipitates in
the oC - phase and eventual transformation of the mixed phase to the
P -phase. A comparison is made with measurements on H-charged Pd.
Isochronal annealing results of Pd, after 40% cold work and
deuteration to ̂  -phase, indicates the dissolution of the £ -phase
at 473K, confirmed by the simultaneous weight loss measurements. A
plateau observed in the recovery between 473 and 673K is explained
by the interaction of dissolved deuterium with dislocations arid this
seems to shift: the dislocation recovery to higher temperature.
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POSITRON ANNIHILATION CHARACTERISTICS AT SMALL SOLUTE
CLUSTERS IN AI-MATRIX

A. Bharathi and C.S. Sundar
Materials Science Division, Indira Gandhi Center for Atomic Research, Kalpakkam 603102. India

Keywords: solute clusters, Al-matrix, Al-Ag, Al-Cu, Al-Zn, Al-Mg, lifetime, I parameter,
binding energy

Ab.-jtract: The positron annihilation characteristics have been calculated for
f/.ns.ll solute dusters of Ag, Mg and Cu in Al having spherical and plate-like
({ecmetry. Spherical clusters containing a central vacancy have also beer
investigated, in order to understand the effect of solute clustering around
vacancy type defects. The positron potential is obtained as a superposition of
atomic potentials and a correlation potential, treated in the local density
approximation. The Schrodinger equation has been solved numerically, to obtain
the bound stote positron wave function:. The annihilation characteristics viz.,
the positron lifetime,T. and the I parameter vihich can be measured by Doppler
broadening 'neasurements have been calculated. The annihilation parameters are
found to be ;i sensitive function of cluster size.



D R 1 1 Pfmana - J . Phys., Vol. 38, No. 6, June 1992, pp. 685-694. Q Printed in India.

Ordering of gas bubbles during light ion j;as implantation

H K SAHU and KANWAR KRISHAN
Materials Science Division, Indira Gandhi Centre for Atomic Research, Kalpakkam 603 102,
India

MS received 9 September 1991; revised 1 February 1992

Abstract. There have been interesting observations about ordering of microstructures
during irradiation. The formation of void lattices is amongst the belter known examples.
Ordering has also been observed in small gas f.lled bubbles formed during low energy ligM
ion implantation in the energy range 30-100 keV.

The basic underlying mechanism for ordering of gas bubbles has not been clearly
understood so far. We identify in this paper a basic instability in the growth kinetics of such
bubbles which can develop during irradiatior. This instability is shown to be associated
with the interstitial production due to the h gh pressure inside these bubbles and their
differential bias due to the strain field interactions with vacancies and inlcrstitiuls. It is shown
that such an instability leads to a selection cf a wavelength scale which agrees with the
observed lattice parameter.

Keywords. Bubble lattice; ion implantation; rnicro-siructure; ordering; bifurcation.
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Solid state effects during deuterium implantation into
copper and titanium

H K SAHU, M C VALSAKUMAR, B PANIGRAHI, K G M NAIR
and K KRISHAN
Materials Science Division, Indira Gandhi Centre for Atomic Research, Kalpakkam 603 102,
India

MS received 10 February 1992

Abstract Results of neutron counting experiments during deuterium implantation into
titanium and copper are reported. Models for neutron yield have been developed by taking
into account different solid state effects like energy degradation of incident ions, energy
dependent d-d fusion cross section and diffusion of implanted deuterium possialy influenced
by surface desorption and formation of metal deuterides. The asymptotic time dependence
of the neutron yield during implantation has been compared with the experinental results.
Using these results, solid state processes that might occur during deuterium implantation
into these metals are inferred

Keywords. Ion implantation; deuterium; titanium; copper, diffusion; desorption; hydride
formation; d-d fusion.
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ANNEALING OF NATIVE DEFECTS IN Te-DOPED GaAs'

A. SenGupta and A.K. Bhatnagar

Schcol of Physics, University of Hyderabad, Hyderabad-500134, India

and

K..P. Gopinathan and C.S. Sundar

Material Science Centre, IGCAR, K.alpakkam-603 102, India

(Received 15 April 1993 by P. Burlet)

"*
Positron lifetime measurements have been performed in GaAs doped
with Zn, Sn and Te. Isochronal annealing studies in GaAs heavily
doped with Te revealed a significant transition in positron lifetime
from 249 ps to 238 ps after 500°C annealing which indicates a
coniigurational change in the donor-vacancy complexes acting as
positron trapping centers.
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Effect of internal pressure on helium bubble growth in palladium

By R. RAJARAMAN, G. AMARENDRA, B. VISWANATHAN

and K. P. GOPINATHAN

Materials Science Division, Indira Gandhi Centre for Atomic Research.
Kalpakkam-603 102, Tamil Nadu, India

[Received in final form 5 May 1993 and accepted 1 July 1993]

ABSTRACT

A study of helium bubble growth by positron lifetime measurements made on
helium-implanted palladium (lOOat.p.p.m.He) is reported. The temperature of
formation of stable bubbles which retain helium in post-implantation annealing is
identified to be 750 +20 K. The average bubble radius, bubble concentration and
helium pressure in the bubble are obtained from an analysis of experimental data.
The variation in the deduced bubble parameters in the annealing temperature range
973-1473 K is compared with that calculated on the basis of surface diffusion
controlled migration and coalescence model, allowing for pressure effects as
suggested by Mikhlin in 1979. The comparison is found to be satisfactory. The
observed results are explained as due to suppression of bubble mobility at high
internal pressures and subsequent enhancement of the mobility on pressure
relaxation.
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AM0RPHIZAT10N OF A]6Mn PHASE IN AN Al-14 a/c Mn
ALLOY DURING LOW ENERGY HELIUM ION BOMBARDMENT

K.G.M. Nair, M. Vijayalakshmi and K. Krishan
Materials Science Division

+ Metallurgy Division
Indira Gandhi Centre for Atomic Research
Kalpakkam 603 102, Tamil Nadu, India

(Received April 19, 1993)
(Revised June 30, 1993)
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SIMS depth profiling of implanted helium in Al-Mn alloy using
CsHe * molecular ion detection

A K TYAGI. K G M NAIR and YL KRISHAN
Materials Science Division. Indira Gandhi Centre for Atomic Research. Kalpakkam 603 102.
India

MS received 19 March 1992; revised 28 September 1992

Abstract. The use of Cs * primary ions in conjunction with the detection of CsHe * molecular
ions is proposed for the analysis of helium in metals by secondary ion mass spectrometry
(SIMS). Concentration depth profiles of helium implanted at 100 keV in Al^Mn^ alloy
have been measured. Helium concentrations down to about lOOppm were measured at
moderately low sputtering rate of 0-5 am/sec. The experimentally determined implantation
profile of helium is compared with the theoretical profile obtained using the Monte Carlo
Code TRIM.

Keywords. Ion implantation; secondary ion mass spectrometry; depth profiling; sputtering;
molecular ions. ,
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Secondary ion mass spectrometry and scanning electron
microscopy analysis of grain boundary oxides in 9Cr-1 Mo
steel and influence of grain size on scale spading
R. K. Singh Raman and A. K. Tyagi

• • < *

When oxidised at 973 K. annealed 9Cr-lMo steel forms convex oxide ridges at the boundaries of prior austemte grains. In
addition to this morphological difference these grain boundary oxides show compositional dissimilarities with the oxides Jorma
within the grains, as suggested by the results of scanning electron microscopy (SEM) and energy dispersive X-'ay analysts
(EDX), and substantiated by secondary ion mass spectrometry (SIMS) results. 3oth EDX and secondary ion imaging confirm
the high Si content of the oxides in the ridges. However, it is the synergistic influence of the variations in the chemical
composition and morphological features of scales that governs the stability of the oxides growing within the alloy grain*.
These variations have their origin in the oxidation process at the alloy grain boundaries. Hence, to achieve a more complete
understanding of this phenomena, oxide ridges and the scales within the grains have been extensively characterised by obtaining
depth profiles using SIMS and observing the morphological evolution using SEM and surface prolifometry. The oxide ridges ac:
as discontinuous interfaces, so that the oxides growing in the adjoining areas experience sufficiently high stresses to produce
spoiling. The finer the alloy grains, the greater the number of discontinuous interfaces (i.e., grain boundary ridges j and the
tirtssed area and therefore, the earlier spoiling occurs. MST, ,'iC-s

(Q 1993 The Institute of Materials. Manuscript received 21 December 1992; in final form 19 Apni 1993. The authors urn with
(he Metallurgy and Materials Programme, Indira Gandhi Centre for Atomic Research, Kalpakkam, India.
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New nonlinear Bragg diffraction devices

Sanford A. Asher, Rasu Kesavamoorthy, Seshadri Jagannathan, Paul Rundquist

University of Pittsburgh, Department of Chemistry
and Materials Research Center

Pittsburgh, PA 15260
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Influence of a wick lining on the evaporation rate of lithium
from a charge exchange canal

N.S. Thampi
Materials Science Ditision, Indira Gandhi Centre for Atomic Research, Kalpakkam 603 102, India

S. Berger and F. Dworschak
IFF Forschungszentrum, Jiilich, Germany

A wick lining is used with a lithium charge exchange canal for reducing the consumption of lithium. The wick helps to .'or..';•<>.:
the lithium vapour more effectively and to make it flow back to the main oven. For its efficient functioning, the tt-injvrjuiiv
gradient along the wick has to be properly maintained. The present studies were carried out to assess the extent of reducibri :i;
lithium loss when using the wick and to determine the optimum temperature settings.

The evaporation rate of lithium vapour from a charge exchange canal (General lonex Model-712) has been investigated in ihx
temperature range from 470 to 575 °C. The measurements were carried out with and without a stainless steel wire mesh wick
lining, inside the canal. A quartz crystal oscillator type rate meter was used for monitoring the evaporation rate. The results
indicate that, when the wick lining is inserted, the reduction in evaporation rate of lithium is only 20%. This differs much from the
result of Greenway [Report 85/11, Oxford University, Nuclear Physics Laboratory (1985)] who reported a reduction by A lactoi ot
8. The evaporation rate is also found to depend on the canal end heater temperature, maintained high enough to keej> the
condensing vapour in liquid state. The optimum temperature settings for the end heaters have been found to be 300 ; 'C Th<:
experimental arrangements and results are presented in this paper.

D A 0 3 3030 Rev. Scl. Instrum. 64 (10), Oct 1993

Simple device for drilling holes in metal gaskets for diamond anvil
cell experiments

P. Ch. Sahu, K. V. Thomaskutty, N. V. Chandra Shekar, Mohammad Yousuf,
and K. Govinda Rajan
Materials Sconce Division, Indira Gandhi Centre for Atomic Research. Kalpakkam 603 102,
I utml Nailu, India

(Received 6 August 1992; accepted for publication 30 June 1993)

NVith a spring-loaded platform mounted on a precisioi minidrilling machine, it is possible to
rapidly and inexpensively drill sharp sample holes do>vn to about 100 /im in hardened nieul
gaskets for diamond anvil cell experiments.
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Growth of hexagonal selenium crystals: Observation of new growth
morphologies

N VCHANDRA SHEKAR, K GOVINDA RAJAN,S RAJ AGOPALAN*
and MOHAMMAD YOUSUF
Material* Science Division, Indira Gandhi Centre for Atomic Research, Kalpakkam 603 102,

India
•Nauonal Evening College, Thiruchirapalli 620001, India

MS received 21 September 1992; revised 6 Mach 1993

Abstract. In this communication, we report the single costal growth of selenium by the
solution method. We have observed a new mesfe-tike growth pattern in hexagonal selenium
lor the first time. Crystals having hexagonal morphology are packed together like hay stick

bunches.

Keywords, Selenium; crystal growth: growth |w«ern; crystal morphology.

DA05 DIAMOND ANVIL CELL HIGH PRESSURE POWDER
X-RAY DIFFRACTION

SYSTEM FOR MATERIALS RESEARCH

I'.Cb. SJiu, Mohammad Yousuf, N.V. Chandra Shekar and K. Govinda Rajan

ABSTRACT

We report the work carried out to set up the diamond anvil cell (DAC) powder
X-ray diffraction system for performing the high pressure research on materials
under truly hydrostatic pressure conditions. Rigaku make low ripple type, rotat-
ing anode X-ray generator with maximum operating capacity of 60 kV, 300 mA
mounted with molybdenum target is used as the X-ray source. Mao-Bell type
DAC capable of generating pressures ~ 60 GPa and above is used. The sample is
contained in a gasket and methanol, ethano! and distilled water mixture (16:3.1)
is used as the pressure transmitting medium. Equation of state of noble metals
as well us the ruby lluorescetice wavelength shift have bivn used for pressure de-
termination. Judged by the ruby fluorescence spectra, with the use of methanol,
ethdtiol and water mixture, the limit of hydrostaticty in our experiment is ~ 20
GVa. X-ray diffraction can lit performed in both miuji1 dispersive as well as in
n i r / ' g y (li.NpiTMvi' m o i l f . s . R e s u l t s I>II ;wuui ' |>l iui is M - I I I I I U I M , t h o r i u m , l u l l r r e n o C'ro

and U/W:i are presented to give a feel for tlie quality of tin* data obtained.

DA06 Meas. Sci. Technol. 4 (1993) 596-600. Printed in the UK

Tunable prism filter for laser plasma lines

T Sakuntala and Akhilesh K Arora
Materials Science Division, Indira Gandhi Center tor Atomic Research.
Kalpakkam 603 102. India

Received 17 August 1992. in linal form 12 January 1993

Abstract. A novel design of a tunable prism filter using two dense flint prisms for
eliminating laser plasma lines in a Raman spectrometer is presented. Angular
dispersion, beam diameter of the laser beam and divergence of the plasma
radiation are considered to select the optimal configuration. A remarkable feature of
the filter is its high transmission efficiency. The performance of the filter is



DA07

Nuclear Instruments and Methods in Physics Research B73 (1993) 303-307 j j \ J lJ
North-Holland Buam Interactions

with Materials & Atoms

A PC add-on card for Mossbauer data acquisition system

CM. Chittaranjan, J. Jayapandian and K.P. Gopinathan

Materials Science Daision. Indira Gandhi Center for Atomic Research. Kalpakkam 603 102, Tamilnadu. India

Received 21 August 1992

A user friendly Mossbauer data acquisition add-on card for IBM compatible PC has been designed and fabricated. It is a
firmware which acquires data and shares the CPU of the host PC to transfer the data into the PC memory. The card generates the
wave form tor the drive unit, generates dwell time marker pulses and counts the energy selected single channel analyzer (SCA)
pulses. The significant feature of the system is that the counting of the SCA pulses is done with two counters, resulting in zero dead
time. Two temporary dual port RAMs (DP RAM) on board enable real time data acquisition. The software which controls the
hardware is menu driven and user friendly and works under DOS environment. An on line display of the spectrum is piovideu with
a cursor which enables the inspection of counts in any channel during the acquisition. The current version of the spectrometer has
a capacity of 2048 channels and this can be extended easily up to 8192 channels.
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Microstructure and superconducting properties of thin films of
YBCO on (100) MgO substrate grown by glow discharge deposition

P. Kuppusami, V.S. Raghunathan, A.G. Vcdheswarand Y. Hariharan
Metallurgy & Materials Programme, Indira Gandhi Centre for Atomic Research. Kul/nkkam - 603 102, Tamil Nadu. India

Received 25 March 1993

Direct growth of YBajCiijOr-. superconducting thin films on (100) MgO single crystal substrate has been achieved by a glow
discharge sputtering process from a single (argcl of stoichmmctric compound. Films have been deposited in the temperature range
of 023-973 K and oxygenated at 673 K in a single uninterrupted cycle. The yBa,Cu,p ,_ , films prepared under optimum pro-
cessing conditions have a strong texture U-axis perpendicular to lilm pliuic). have transition temperatures al zero resistance of
86 Kancl the width of transition of aboul 2 K. The films have transport critical current density of about J x 10'A/cm1 at 77 K
and 2XIU" A/cm2 at 50 K al zero magnetic field. The processing conditions and relation between the nucrostruclures und super-
conducting properties have been studied in detail, it is shown that the niicrosuucturc corresponding to the belt superconducting
properties is a basket weave microstruciurc at the resolution limit of an optical microscope.
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MOSSBAUER STUDY OF AI,,Fe4

C M . Chittaranjan, V. Kumar, B. Viswanathan and K.P. Gopinathan

Materials Science Division, Indira Gandhi Centre for Atomic Research,
Kalpakkam 603 102, Tamilnadu. India

{Received 15 January 1991 by M. Tosi)

Results of a Mossbauer study of Al?JFe4 alloy, obtained by rapid
solidification of the melt and subsequent annealing for crystallization
are presented. The Mossbauer spectrum has been analysed on the basis
of the structure of Al|3Fe4, as determined from an earlier reported
X-ray diffraction study. Accordingly, the spectrum has been fitted to
two doublets and a Lorentzian representing grossly two types of Fe
sites with different local atomic environments in AI,3Fe4 and Fe solid
solution in Al respectively. The area fractions of the two doublets are
in agreement with the relative abundances of the two types of sites in
Al,jFe4. These results should be helpful in understanding local atomic
environments in a related quasicrystalline phase of Al-Fe alloy.

1'i.im.iiu .1 I'lnv. Vol V). N.> .1. March I'M!, pp. 335 346. .n Printed in India.
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A multifractal study of wave functions in \-D quasicrystals

r, ANANTllAKRISHNA* and VIJAY KUMAR
Materials Science Division, Indira Oandhi Centre for Atomic Research. Kalpakk.im WH 10?.
ln. l i .1
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Hangalorc 5MHII2. India

MS received II June I'WO: rexised 30 November W 0

Abstract. Using mullifructal analysis we study extended, self-similar and non-scll-siu,.l.:r
type of wave functions in ihc I ibonaeci model. Ixlendcd states ariMiii! due to ivmtmiiauon
ill Iranslcr inatrki , Mr cerlain blocks of atoms in o,tiasipenodie systems .ire shown lo li.iu'
the sain, .i^nalurc as the liloch slates in terms of: he Mngul.iriu spectrum uilh Mil 7 \.
N'imcrically. however, the.extcnded stales show a typical multifractal behaviour for finite
chain lengths. I inilc size scaling corrections yield results consistent \ulh that obtained
analytically. The self-similar slates at the bund edges show a multiracial behaviour and lhc>
arc energy dependent in the case of blocks of atoms arranged in <t Fibonacci scijtiencc. For
non-self-similar states we obtain a non-monolonic behaviour of fit) as a function of the
chain length. We also show that in cases where extended slates exist, the cross-over from
extended (o non-sell-sinular states in gradual.

N M 0 3 '' Phy*" Comlens- M a n e r 5 ( 1 9 9 3 ) A399-A402. Printed in the UK

Electronic structure of a quasicrystalline model for

J M Cabrera-Trujillof, J L Morin-Wpeztf and V Kumar§
t Facultad de Ciencias. Uruversidad Autdnoma de San Luij Pcuosl, SLP, Mexico
t Institut fttr Theoretische Physik. Freie UmversiuU Berlin, Berlin, Federal Republic of
Germany
§ Internationa) Centre for Theoretical Physics. Trieste, Italy

Abstract A model for the decagonal phase of the AlisFe* system is proposed. The electronic
structure is ululated within the tight-binding method. Results for the local and the integrated
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NM04 Enhanced diffusion of nickel in ion-irradiated FeNiB metallic glass

A.K. Tyagi *. M.-P. Macht and V. Naundorf
Hakn- Meitner-lnsutut Berlin GmbH. Gliemckerslrasse 100. 1000 Berlin 39. Germany

Diffusion coefficents of 63Ni tracer in Fe40-Ni40-B20 glass were measured by means of secondary ion mass spectromeirv
(SIMS) after irradiation with 300 keV Ni* ions at temperatures between 294 and 582 K. Irradiations were performed with ion
current densities between 0.1 and 1 jiA/cnr. Temperature independent diffusion was observed below 500 K where the
diffusion coefficient was found to be proportional to the ion current density. In this low temperature regime atomic transport
ii dominated by cascade mixing. Above 500 K thermally activated transport was observed with an activation enthalpy of 0.65
eV. and a non-linear dependence of the diffusion coefficient on the ion current density according to a power law with
exponent 0.7. The results indicate a transport process which is similar to that in crystalline nickel, and which can be described
at higher temperatures by the diffusion of radiation-induced defects and their mutual recombination.

4cia •miati. mater. Vol. 39. No. •». pp. 609-617. [991
Printed in Great Britain. All rights reserved
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DIFFUSION COEFFICIENTS OF 63Ni IN Fe^Ni^B^
METALLIC GLASS

A. K. TYAGIt, M.-P. MACHT sad V. NAUNDORF

Hahn-Meitner-lnstitut Berlin. Glienicker Sir. 100. 1000 Berlin 39. Deutschland

(Received 25 July 1990)

Abstract—Self-diffusion coefficients of "Ni tracer atoms in the metallic glass Fe^Ni^B^, were measured
in the temperature range 575-645 K. by using the secondary ion mass specirometry (SIMS) technique. The
values of the diffusion coefficients were measured on the "air-side" as well as on the "wheel-side" ol" the
ribbon and were found to lie between 5.6 * 10"-' rrr s and 11.2 x 10"21 m:'s. In the quenched specimens,
the diffusion was found to decrease considerably *ith increasing annealing time until a well-relaxed
amorphous state of the material is reached. The diffusion coefficients in the relaxed state »ere found to
obey an Arrhenius type temperature dependence with in activation enthalpy of 2.14 * 0.16 eV for the
"iirstde ' inu ~n 2.29 ~ '••">cV t;>r !^e "'*heei-sitie". fhe corresponding \aiues of the pre-exponenuai
fictors -vere 4 v ii)~* rn- •> and •< • 10*' nv s, .ispectivelv Tne time dependence of measured JiiTusivity
.junne structural relaxation is interpreted in -.jmis ;f summation ot' excess free volume via quasi-vacancies
annealine out at ihe specimen surface which leads to nn additional transport of the tracer atoms. The
activation enthalpy governing this relaxation process *as estimated to be about 1 eV.
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Structure, growth, and bonding nature of Mg clusters

Vijay Kumar* and Roberto Cart
International School for Advanced Studies, 34014 Triette, Italy

and International Centre for Theoretical Physic*, 34100 Trieste, Italy
(Received 6 Much 1901)

The •tructure, growth, And bonding nature of Mgn (n -= 2-13) clutters U studied using the
d«o»ity-(unction»l moIecuUi-dyn»inics method and the simuUted unnealing technique within the
local-density approximation. We find a tetrahedron and a trigonal prism a* two important con-
ttituents of the structure of Mg clusters to which atoms can be added by capping the facea. Mgu is
neither an icoeahedron nor a cuboctahedron. The lowest-energy structure of Mgn that we obtained
from our simulated annealing can be considered &s fusion of Mgg and Mgi clusters. This is nearly
degenerate with the relaxed hep structure and suggests the possibility of a path for transition to hep
structure for bigger clusters. We find Mg« and Mgjo to be the magic clusters, which is in general
agreement with the predictions of the jellium model of metal dusters. However, calculations of the
charge densities, the p character, and the gap between the highest occupied and the lowest unoccu-
pied states suggest the presence of mixed bonding character in Mg clusters and an oscillatory and
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STRUCTURE OF s-p BONDED METAL CLUSTERS WITH 8, 20

AND 40 VALENCE ELECTRONS
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1 rom studies on some clusters of metals and semiconductors, there appear some
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Enhanced Stability of Magic Clusters: A Case Study of IcosahedraJ
A112X, X=B, Al, Ga, C, Si, Ge, Ti, As

X. G. Gong<»> and Vijay Kumar(b>
International Centre for Theoretical Physics, 3+100 Trieste, Italy

(Received 14 October 1992)

We prrtient results of the elt*tronic structure nnd stability of some 40 valence d«sctron icoaahodriJ
Aha A' (X -B , Al, Ga, C, Si, Ge, Ti, and As) clusters within the local spin density functional theory.
It LS shown that the stability of the Aha cluster can be substantially enhanced by proper doping,
lor neutral clusters, substitution of C at the center of the icosahedron leads to the largest gain in
energy. However, Al nB" is the most strongly bound in this family. These results are in agifctinent
with the recent experiments which also find AluB" to be highly abundant.
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Electronic and atomic structures of ob4 and Sb, oiuscers

Vijay Kuiiuir"
Inlemuutmiil Center for Theoretical Physics, :i^lOO Tnr.ite. Italy

(Received 19 March 1993)

The electronic and atomic structure of Sb« and Sb» clusters is studied using the ao tmiio molecular
dynamics method in the local density approximation. While for Sb., a regular tetrahedron is about
2.0 i?V lower in energy than a bent rhombus, for Sb» two weakly interacting tetrauedra lie only 0.117
eV lower in energy than a bent rhombus interacting with a stretched tetrahedron, indicating the
importance of the bent rhombus structure for larger clusters. The binding energy of Sba relative
to two noninteracting tetrahedra is about 0.5 eV. These results are in excellent agreement with the
experimental data.
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Pressure Dependence of Free-Volume Hole Properties In an Epoxy Polymer

Q. Deng, C. S. Sundar,* and Y. C. Jean*

Department of Chemistry, University of Missouri—Kansas City, Kansas City, Missouri 64110
(Received: June 10, 1991)

Positron annihilation spectroscopy has been applied to study free-volume properties in an amine-cured epoxy as a function
of quasi-isotropic pressure in the range 0-15 kbar. The orthopositronium lifetimes are found to decrease largely as a function
of the increase of pressure while the corresponding intensities decrease slightly. The positron lifetime-pressure variation
is found to be similar to that of orthopositronium. This pressure variation provides evidence that both the positronium atom
and the positron are localized at free-volume holes in polymers. The pressure variations are found to be significantly different
from that previously measured under uniaxial pressure. The properties of free volume, mean hole size, fractional free-volume
hole content, and free-volume compressibility in the epoxy polymer are obtained from the lifetime results.

N M 1 2 CURRENT SCIENCE. VOL. 63. NO. I. 10 JULY 1992

Synthesis and characterization of fullerenes C60
and C70 and superconductivity in K and Rb-
doped C60

Y. Hariharan, A. Bharathi, C. S. Sundar, V. S. Sastry, M. Yousuf,
T. S. Radhakrishnan, G. V. N. Rao, T. GeethaKumary, N. Subramanian,
P. Ch. Sahu, V. S. Raghunathan* and M. C. Valsakumar
Materials Science Division. •Metallurgy Division. Indira Gandhi Centre for Atomic Research. Kilpaltkam 603 101 India

The synthesis of fullerenes C s o and C?<,, its character-
ization and alkali doping of C,,o are described in detail. K-
and Rb-doped C s 0 are observed to be superconducting
with 7"c of 18 K and 27 K respectively. Bi and Pb have
been co-doped along wiih K and the results of structure
and superconductivity studies in these systems are
presented and discussed. Further, preliminary results of
on-going experiments on the structure of C-o and its
variation with lemperaiure and pressure are also
presented.

[Y5IC,
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Y. C. Jean. X. Lu, Y. Lou, A. Bharathi.* C. S. Sundar,* and Y. Lyu
Department of Chemistry, University of Missouri-Kansas City, Kansas City, Missouri 64] 10

P. H. Hor and C. W. Chu
Texas Center for Superconductivity, University of Houston, Houston, Texas 77204-5506

(Received 31 October 1991; revised manuscript received 16 December 1991)

Positron lifetime experiments have been performed in C« as a function of (1) pressure up to 14.7 kbar,
(2) temperature between 10 and 300 K, and (3) oxygen pressure up to 2 atm. Nearly single lifetimes (356
ps, 98%) have been observed in Qo solids. A large lifetime-pressure variation [(9-3±O.5)X 10"J

kbar"'] and a monotonic lifetime-temperature variation [(1.5x0.2)X 10~4 K"1] are observed whiie the
presence of oxygen does not change the positron lifetime. These results are interpreted in terms that the
positron is mainly annihilating with electrons near the interstitial octahedral sites of fee lattices. Results
of the calculated positron density distribution support this interpretation.
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THERMAL DECOMPOSITION OF C,n

C.S.Sundar, A.Bharathi, Y.Hariharan, J.Janaki, V.Sankara Sastry, and T.S.Radhakriahnan

Materials Science Division,

Indira Gandhi Centre for Atomic Research,

Kalpakkam, Tamil Nadu, INDIA 603102

(Received 30 July 1992 by C.N.R.Rao)

The influence of heat-treatment of Cfi0 pellets in vacuum at temperatures
between 500 C and 900 C has been investigated by a variety of
experimental techniques. X-ray measurements Bhov, that the diffraction
peaks become diffuse at temperatures beyond 700°C. Uv-visible absorption
measurements show a sharp diminution in the C content of the pellets
heat-treated at temperatures beyond 700 C. Resistivity measurements show
that the pellets heat-treated at 700 to 900°C are conducting with a
negative temperature coefficient of resistivity. From these studies it
is inferred that C, decomposes into amorphous carbon on heat-treatment
at temperatures beyond 700 C. Plausible mechanisms for the thermal
decomposition of C,. are discussed.

60 •

Indian Journal of Chemistry

Vol. 31 A&B, May 1992, pp. F92-F99

NM15 studies on structural and electronic properties of undoped and doped
fullerenes C60 and C70

C S Sundar*, Y Hariharan, A Bharathi, V S Sastry, G V N Rao, J Janaki, T Geethakumari, T S Radhakrishnan,
A K Arora, T Shakuntala, M Yousuf, P Ch Sahu, N Subramanian, V S Raghunathant & M C Valsakumar

Materials Science Division. Metallurgy Divisiont, Indira Gandhi Centre for Atomic Research, Kalpakkam,

India 603 102

Received 20 February 1992

This paper presents an,overview of the experimental studies on fullerenes currently underway in
the Materials Science Division, Kalpakkam. These include the synthesis of fullerenes by arcing of
graphite electrodes, followed by the chromatographic separation of Cy, and C7l) and their doping
with alkali metals. Doping of C6U with K and Rb is observed to lead to superconductivity with trans-
ition temperatures of 18 K and 28 K respectively. Preliminary results of several ongoing studies, in
particular the studies on structure of C7U as a function of pressure and temperature, are reported.
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A Tight Binding Model for The Electronic
NM16 Structure of FCC and SC C6o

Nacir Tit ami Vijay Kumar'4'

International Centre for Theoretical Physics.

P. 0. Box $86. 34IOO Trieste. 'TALY

Abstract

Ab-inilio calculations1 for k'lCtm indicate that the general features of the energy
Hands within LDA remain nearly unchanged as compared to Cm- In the elecr.in-
phonon pairing mechanism of superconductivity in these rnalcri.il.*. the variation
i» 7'. has born alirihntnl to changes in the lattice constant2 which affects <V(/l> ).
\V<' have therefore filled the valence and conduction bands of the fee C$o. obtained
by Troullier and Martins'* fr^ni an LDA plane wave basis calculations, with a tight
*»inHing model ami ludied the energy hands as a function of the lattice constant.
t> the owvl.ip Ueiweon orbil;ils nn :i";!',ltltmiring halls is small, the band width is

found to ikrrvas*' by about 30% in going from h'oCtv) to Hb^CsC&). 1 ho density of
stales, thus, obtained is used to estimate variation in Tc from McMillan's formula.
Those results are in good agreement wiih experimental data. Calculations of tho
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Empirical tight-binding parameters for solid

NM18 PRAMANA
journal of

physics

Nacir Til and Vijay Kumart
International Centre tot Theoretical Thyuct. PO Bo* 5*6. J«tOO lYiette. luly

Received 9 M y 1993. in lira! form 23 August 1993

Abstract. We present t light-binding model fof the electronic smiciure of solid C«o wing four
(one 2> and three 2p) ccbiialt pec carton sum. The model has been developed by filling die
tight-binding parameters to die a* I'IUMO pseudopotential calculation of Tloullier and Martini
in ths face-centred cubic ( fm3) phaie. Following this, calculation* of the energy bands and
the density of electronic states have been carried out as a function of the lattice conatanv
Good agreement h u been obtained with the observed laoice-constafli dependence of 7"c using
McMillan's formula. Furthermore, calculations of the electronic structure are presented in the
simple cubic ( f a3) phue.

(g; Printed in India Vol.40. No. 2,
February 1993
pp. L137-L144

Crystal structure of solid C70

M C VALSAKUMAR, N SUBRAMANIAN. M YOUSUF, P CH SAHU,
Y HARIHARAN, A BHARATHI, V SANKARA SASTRY, J JANAKI,
G V N RAO, T S RADHAKRISHNAN and C S SUNDAR
Materials Science Division, Indira Gandhi Centre for Atomic Research, Kaipakkam 603 102,
India

MS received 17 August 1992; revised 4 December 1992

Abstract Detailed analysis of the room temperature X-ray powder diffraction data of pure
solid C,o is reported. C,o prepared by slow evaporation from toluene solution adopts an hep
structure (space group P63/mmc) with a » 10-53(1) A and c - 17-24(1) A. C10 sublimed on to
Si wafer adopts an fcc structure with a » 1489(1) A. The occurrence of bo;h the hep and fee
phases is rationalized in terms of cohesive energy calculations. Theoretical calculations of the
diffraction pattern for the hep structure, taking into account (a) orientational disorder amongst
the molecules t*>) presence of stacking faults and (c) a. fraction of the sample to be
amorphous/microcrystalline is seen to provide very good agreement with the experiuental
diffraction pattern.

Keywords. Fullerenes; C,o; X-ray diffraction; orientational disorder, stacking faults.

PACSNos 61-55; 61-50; 6110
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Crystal structure and disorder in solid C70

M. C. Valsakumar. N. Subramanian, M. Yousuf, P. Ch. Sahu, Y. Hariharan, A. Bharathi,
V. Sankara Sastry. J. Janaki, G. V. N. Rao, T. S. Radhakrishnan, and C. S. Sundar

Materials Science Division, Indira Gandhi Centre for Atomic Research, Kalpakkam 603 102, India

• Received 18 August 1992; revised manuscript recei\ed 12 April 1993)

Detailed analysis of the room-temperature x-ray powder-diffraction data of pure,, as-prepared, solid

C-n is reported. C-, adopts a hep structure (space group Pf>y/mmc) with a = 10.53( 1) A and c = 17.24!!)

A. Quantitative agreement between the observed and calculated diffraction patterns require tai orienta-

tional disorder among the molecules, <b) the presence of - 5^r of stacking faults, and <c a fraction of the

sample to be either microcrystalline or amorphous.
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The phase diagram of charge-polydisperse colloids:
a Monte Carlo study

B V R Tata and Akhilesh K Arora
Materials Science Division, Indira Gandhi Centre for Atomic Research, Kalpakkam 603
102, Tamil Nadu, India

Received 25 February 1991, in final form 2 July 1991

Abstract. The effect of charge polydispersity (CPD) on structural ordering of dilute charged
aqueous colloidal suspensions is investigated using Monte Carlo simulations as a function of
impurity-ion concentration (nj and CPD. The behaviours of the pair correlation function,
mean square displacement and total interaction energy as functions of CPD and n are
investigated to identify different phases. Crystalline order is found to transform into a glass-
like order beyond a critical CPD. Both the crystalline and glassy orders are found to melt
when n, is increased. The transitions between the crystalline, glassy and liquid-like phases
are characterized. The phase diagram as a function of CPD and n, is reported. Colloidal crystals
with finite CPD are found to melt at n, lower than that corresponding to the monodisperse
(zero-cPD) suspension. The behaviour of the phase boundaries is discussed.

P T 0 2 J- Phys-: Condens. Matter 3 (1991) 7973-7982. Printed in the UK

The two-dimensional crystalline-like ordering at the
surface of a bulk colloidal suspension

R Kesavamoorthyt, C Babu Rao| and B V R Tatat
t Materials Science Division, Indira Gandhi Centre for Atomic Research, Kalpakkam
603 102, Tamil Nadu, India
t Division of PIE and NDT, Indira Gandhi Centre for Atomic Research, Kalpakkam
603 102, Tamil Nadu, India

Received 19 June 1990, in final form 13 June 1991

Abstract. Ordering in dilute charged colloidal suspensions is investigated using an optical
reflection microscope; a video camera and an image processor. The surface of the bulk
suspension contained in a glass container is imaged and analysed. The fraction of six
coordinated particles and the distribution of nearest-neighbour distances are computed from
the micrograph and are used to characterize the degree of ordering in different layers. The
degree of ordering is found to reduce from the surface layer towards the inner layers.
The pair-correlation functions and angular correlation functions are computed from the
micrographs. Algebraic decay of the pair correlation function and the distance independent
angular correlation function indicates two-dimensional crystalline-like ordering of the par-
ticles at the surface of the bulk colloidal suspension. A possible cause for such an ordering
is discussed.

P T 0 ' 3 O4g|23JCr = 048123JCl
"thinning Titic: Diffusion in cqlloidal crystals

Collective diffusion in colloidal crystals
Paul A. Rundqust. R. Kesavamoorthy," S. Jagannathan, and Sanford A. Asher0*
Deportment ofChemistry. University of Pittsburgh. Pittsburgh. Pcnnsylrama 15260

Electrostatically stabilized colloidal crystals prepared from aqueous suspensions of dyed
polystyrene spheres compress locally when illuminated by intense laser light ot" wavelengths
absorbed by the dye. The compression, which derives from the temperature dependence of the
interparticle repulsive interaction, results ir. a concentration gradient where particles diffuse
towards the illuminated regions. The concentration gradient relaxes when ihe pump light is
removed. We£onstramjeiipenmentali.f;panicle diffusion to one dimension by creating a
spatially periodic intensity grating which results in a periodic concentration profile. We
measure the relaxation time constant of the concentration grating by monitoring the time-
dependent transmuted intensity of a low intensity probe beam when the diffraction conditions
are almost satisfied for the probe wavelength. The collective diffusion coefficient is found from
the relaxation time constant.



PT04 Thermal diffuse scattering from colloidal crystals
Paul A. Rundquist, R. Kesavamoorthy,a) S. Jagannathan, and Sanford A. Asher"'

Universitv of Pittsburgh. Department of Chemistry, Pittsburgh, Pennsylvania 15260

(Received 30 January 1991; accepted 3 April 1991)
Measurement of the Bragg diffraction and thermal diffuse scattering from colloidal crystals
consisting of aqueous suspensions of polystyrene spheres with and without strongly absorbing
dye molecules show that dynamical diffraction theory is valid even for absorbing colloidal
crystals. In addition, we show that thermal diffuse scattering from colloidal crystals may oe
described by the simple Debye model. We determine the effective penetration depth of the
incident electric field for cases where the Bragg condition is satisfied.

P T 0 5 J.ChemPhys. 94(1). 1 January 1991 0021-9606/91/010711-07$03.00 © 1991 American Institute of Phys.cs 711

photothermal compression of colloidal crystals
Paul A. Rundquist, S. Jagannathan, R. Kesavamoorthy," Charles Brnardic. S. Xu.
and Sanford A. Asher6'

Department of Chemistry, University of Pittsburgh, Pittsburgh, Pennsylvania 15260

(Received 13 July 1990; accepted 17 September 1990)
Dyed sulfonated polystyrene spheres (83 nm diameter) self-assemble into regular crystalline
arrays that Bragg diffract visible light. Absorption of high intensity radiation ( > 25 W/cm1)
by the dye results in a local compression of the crystalline array due to local heating. The
Kossel ring pattern is used to probe the variation in the lattice parameter and the dynamics of
the thermally induced compression. The thermally induced compression derives from the
negative temperature dependence of the interparticle interaction potential.

PT06
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Colloidal crystal photothernal dynamics
R. Kesavamoorthy,** S. Jagannathan, Paul A. Rundquist, and Sanford A. Asher6'

Department of Chemistry, University of Pittsburgh. Pittsburgh. Pennsylvania 15260

(Received 29 October 1990; accepted 17 December 1990)
Localized heating of a colloidal crystal by absorption of high intensity laser radiation ( > 25
W/cm2) results in compression of the hot region. The time dependent variations in the lattice
spacing of the crystal due to this local heating has been studied by monitoring the transmission
profile of a weak laser beam incident on the crystal at an angle close to the Bragg angle. The
dynamics of the compression phenomenon and its subsequent relaxation after removing the
pump laser beam are analyzed using the screened Coulomb pair potential formulation. A
simple linear model is developed to explain the deformation of the crystal during both the
heating and cooling processes. Using this model we estimate the time dependent temperature
rise in the crystal for any given pump power. During the heating process and the early stages of
cooling the change in the crystal lattice spacing lags behind the rate of temperature change,
while during the later stages of cooling it follows the rate of cooling. We demonstrate the
necessity for the renormalization of the surface charge of colloidal particles when using the
screened Coulomb pair potential.



.: Condens. Matter 4 (1992) 7699-7708. Printed in the UK

Crystalline-to-glass transition in charge polydisperse colloids

B V R Tata and Akhilesh K Arora
Materials Science Division, Indira Gandhi Centre for Atomic Research, Kalpakkan
o03102. India

Received 27 April 1992, in final form 4 June 1992

Abstract. The crystalline-to-glass transition in dilute charge polydisperse colloidal sus-
pensions is investigated using Monte Carlo simulations assuming pairwise additivity of
the interaction. The time averaging of coordinates is used to reduce the broadening of
the pair correlation function due to random thermal motion. The suspension is found
to remain crystalline at low poh/dispersities and becomes disordered at large charge
potydispersities (CPDS). The behaviour of particle diffusion in the suspension is used to
characterize the disordered slate as glass. The dependence of structural parameters such
as Sm 4 K l g m i n /9 m ix and particle diffusion suggests that the transition occurs at 26%
CPD. The poh/dispersity of effective hard-sphere diameters is obtained and compared with
that of a size polydisperse system.

J- Phys.: Condens. Matter 4 (1992) 8697-S706. Printed in the UK

The role of orientationa! disorder in the pressure-induced
amorphization of lithium potassium sulphate

Akhilesh K Arora and T Sakuntala
Materials Science Division, Indira Gandhi Centre for Atomic Research, Kalpakkam 603
102, Tamil Nadu, India

Received 29 May 1992, in final form 14 July 1992

Abstract Raman scattering investigations of lithium potassium sulphate at high pressures
have revealed that the sulphate tetrahedra are oriemationally disordered in the high-
pressure phases. In order to understand the nature of the disorder, the temperature
dependence of the relative intensities of Raman lines associated with the sulphate internal
modes are investigated. The results suggest a frozen-in static disorder rather than dynamic
equilibrium between the occupancies of different orientations. The behaviour of the
Raman linewidlhs up to a pressure of 250 kbar indicates successively broader distributions
of the sulphate orientations. A mechanism of amorphization involving disorder in cation
sublaltices induced by the orientational disorder of sulphate is proposed.
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Vapor-Liquid Condensation in Charged Colloidal Suspensions

B. V. R. Tata, M. Rajalakshmi, and Akhilesh K. Arora
Materials Science Division, Indira Gandhi Centre for Atomic Research, Kalpakkam 603 102. India

(Received 9 September 1992)

D lute aqueous polystyrene suspensions are found to exhibit a novel vapor-liquid condensation. Upon

de-bnizalion, weakly' interacting homogeneous suspensions below a critical particle concentration con-

der.se into a concentrated phase with liquidlike order and a dilute vapor phase. This phenomenon

strongly suggest., net attraction between particles at interparticle separation several times the particle di-

a; leier. The pp.-scnt results are understood on the basis of an effective inierparticlc model potential.

P.-̂ CS numbers: 64.75.+g. 82."?O.Dd
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Raman scattering from optical phonons and magnetic excitations in Cd,_,Mn»Se and Cdi_

E.-K. Suh,* Akhilesh K. Arora,1 A. K. Ramdas, and S. Rodriguez
Department of Physics, Purdue University, West Lafayette, Indiana

(Received 21 May 1991; revised manuscript received 7 October 1991)

The Raman spectra ofCd,.,Mn,Se and C d ^ M ^ S are investigated for various Mn1+ concentra-
tions x. Both Cd^Mn^Se and Cd^.Mn^S have the wurtzite structure and have point-group symme-
try C*. Cd^.Mn^Se shows a two-mode behavior, whereas Cd^^Mn^S, in which the modes associated
with Mn2+ appear in between the LO and TO phonons, shows an intermediate behavior. The frequen-
cies of the TO modes and nonpolar £ 2 modes are found not to depend significantly on the composition.
We believe that this is due to the absence of polarization fields associated with thistnode. The modified
random-element -isodisplacement model gives a good description of optical phonons in Cd^Mn.Se. In
an external magnetic field, a Raman line associated with a spin-flip excitation of Mn2+ and its combina-
tion with LO phonons are observed.

J. Appi. Phys. 71 (2), 15 January 1992 0021-8979/92/140001-08S04.00 © 1992 American institute of Physics

Nanosecond photothermai dynamics in colloidal suspension
R. Kesavamoorthy,a' Mike S. Super, and Sanford A. Asher

Department ofChemistry, University of Pittsburgh, Pittsburgh. Pennsylvania 15260

(Received 29 July 1991; accepted for publication 7 October 1991)
Thermal diffusion from a single colloidal sphere suspended in an aqueous medium that is
heated by a laser pulse is examined. The temperature field as a function of position and time
arising from the cooling of a hot colloidal sphere suspended in an infinitely extended
aqueous medium is obtained by solving the heat conduction equation with initial, asymptotic,
and boundary conditions using a Laplace transform technique. A polymethylmeihacrylate
sphere of 83 nm diameter is calculated to cool in water within 7 ns. The cooling time is found
to decrease quadradically with the particle diameter. The application of dyed arrays of
polymethylmethacryiate spheres suspended in the refractive-index-matched aqueous medium
as a fast (ns) optical switching device which acts as an optical monostable is discussed.

0021-9797/92 S5.00
JT 1 I / . Copyngfti «. I9W by Arademrc Press. Inc.
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Self-Assembly and Ordering of Electrostatically Stabilized
Silica Suspensions

R. K£SAVAMOORTHY.*+ SHALABH TANDON,* S. XU,*
S. JAGANNATHAN.* AND SANFORD A. ASHER*•'

* Department <>] Chemistry. University of Pittsburgh. Pennsylvania 15260, and t Materials Science Division.
Indira Gandhi Center Jor Atomic Research. Kalpakkam 003102. India

Received June 17. i991: accepted January 14. 1992

We use optical attenuation spectral measurements and diffraction measurements to examine the struc-
tural evolution of aqueous suspensions of negatively charged colloidal silica panicles in thin quartz cells.
The ionic strength in the suspension is tnonotonically decreased in time by ion-exchange resin. At high
ionic strengths, two-dimensional hexagonal order nucleates near the surface of the cell walls, while the
regions away from the walls show liquid-like order. At lower ionic strengths, regions near the wall show
ihree-dimensional order, while the interior region shows two-dimensional crystalline order. At the lowest
ionic strengths, the entire suspension shows three-dimensional crystalline order. « mi Academic Presi. inc.
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Melting of colloidal crystals: A Monte Carlo study
James C. Zahorchak, R. Kesavamoorthy,a>•"> Rob D. Coalson, and Sanford A. Asher"'
Materials Research Center and Department of Chemistry, University of Pittsburgh, Pittsburgh,

'•• Pennsylvania 15260

(Received 31 October 1991; accepted 23 January 1992)

Electrostatically stabilized colloidal crystals show phase transitions into liquid and gaslike
states as the ionic impurity concentration increases. Using Monte Carlo simulations we
theoretically investigate the melting of four colloidal crystals (two fee crystals and two bec
crystals) which have also been examined experimentally. We calculate the pair correlation
function g(r), the total potential energy U,, and the mean square displacement of a particle
(u~) for the colloidal suspensions at various ionic impurity concentrations n,. We calculate the
structure factor S( Q) by Fourier transforming g(r). We find that the parameters gmn [ the
maximum of the first peak in g(r) ], Smu [the maximum of the first peak in S(Q) ], A/- [the
half width at half maximum of the first peak in g(r)], and U, (the total potential energy) all
show discontinuous behavior on melting. We relate the calculated values of SmM,grM, and the
mean square displacement at the point of melting of our colloidal crystals to that of atomic
crystals. We find that the ratio of the rate of change of the Wendt-Abraham parameter,
Simn/gm« ten™,: the minimum value ofg(r) after the first peak], with respect ton,, in colloidal
crystal to that in liquid is constant but specific to the crystal structure (bec or fee). We
calculate the latent heat of melting of colloidal crystals.

Image Charge Effects on Colloidal Crystals Ordering

Shalabh Tandon, R. Kesavamoorthy" and Sanford A. Asher*

The Department of Chemistry, University of Pittsburgh,
and Materials Research Center

Pittsburgh, PA 15260

"Materials Science Division,
Indira Gandhi Center for Atomic Research,

Kalpakkam 603 102 India

tAuthor to whom correspondence should be addressed

We theoretically investigate effect of a container wall on the structural ordering of aqueous dispersion

of negatively charged electrostatically stabilized colloidal particles. The colloidal crystal contained between two

quartz plates is modelled as a set of crystal-planes, oriented parallel to the quartz walls. The electrostatic

interaction between the particles and the container wall is the result of induced image charges. The position

dependent interaction energies of a plane with its neighbors and induced image charges are calculated under the

Debyc-Huckel approximation. We also theoretically investigate the effect of having surface charges on the

container walls. For zero surface charge, the colloidal plane nearest to the container wall is held rigidly as

compared to the colloidal plane in the interior; plane. A negative surface charge holds the first plane less rigid

out still mors rigidly than the interior planes. A "positive surface charge holds the first plane more rigidly than

a neutral wall. These results rationalize our recent observations of the existence of 2-D hexagonal colloidal layers

near the container wall. We calculate the root mean square displacement of the planes at various distances from

the wall and discuss the utility of Lindemann type melting criteria on /<U£> based on the present modei and

on the results of the recent Monte Carlo simulation of colloidal crystal melting.
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resistivity slums ;i nonlinear use with temperature with ;. negative cuualuic towards the lemperilure axis I IK-
temperature toclliciem ol Ihc resistivity is found to decrease with pressure. When the temperature is further increased,
iir.umini undei^ocs o- (i and \i-f transitions which are acc.xnpaiiied In sharp lesiMivily drops At pressures ,ibo\c
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l.jiiie temperature hyslcicscs ,,ie ohseived during these lian-itious. Hit l iweic
.moss the ci |i and << y ii.uisitions whertas durum the fiy Iransiiion hwei ts is
I'.ISIS (i| tht pitseiu e\peiuntiilal ohscrvaliou. ol Ihc Iwo possilile scalkun|: inttl
the mltrbaiid and the spm-llucluatioii scattering, the latter is lound tn lie the d

s ai t toutid lii det i t . i s t \Mth pitsMtic
. almost prcssure-indepoiidtiu. On the
inisms operating in K-uianium. namely
iiimaiit mechanism (.'onlririulinj' to (lie
iiion n is Mieiitsled that either tht | l - >Irom the prtssine-uulependtiH hysleiesis hthaviour ilurini; the

iiansiiion is weakly thermal in nature or that tht slope of ilii. transition line is , t i o ll the latter is true, then a eaiclul
determination ol the ^ -y liouudary line in the / ' / phase di. gram of ur.imuiu is reconnnended
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High pressure invescigations on amorphous selenium

N V CHANDRA SHEKAR, M YOUSUF, P CH SAHU, M MAHENDRAN*
and K G0V1NDA RAJAN
Materials Science Division. Indira Gandhi Centre for Atomic Research, Kalpakkam Wi 10-.
India

ol lJli>sics. Anna University. M.idnis <(X)O25, Indi.i

MS received 23 October 1992; revised 12 April 1993

Abs.in.ct. We report the diamond anvil cell (DAC) high pressure powder X-ray diffraction
studies on amorphous selenium (a-Se) under truly hydrostatic pressure condition up to 2 0 0 ^ .
Amorphous selenium exhibits a sharp and irreversible transition to a hexagonal structure at
106 ± 0-1 GPa. It is also known that metallization ot«urs in a-Se around this pressure, iwme
plausible arguments are provided to suggest that the amorphous to crystalline transition may
be duvi 0 by metallization.

K«y»«.!*. Amorphous selenium; diamond anvil evil; hydrostatic pressure; crystallization;
metallization.

PACS Nus 61-40; 62-50; 64-60; 71-30
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RAMAN SPECTROSCOPIC STUDY OF HIGH PRESSURE
PHASE TRANSITIONS IN AgGaSe2

A K H I L E S H K. A R O R A , ! T. SAKUNTALAt a n d L. A R T C S J

tMaterials Science Division, Indira Gandhi Centre for Atomic Research, Kalpakkam 603102, India
{Institut de Ciencia de Materials de Barcelona, CSIC, Barcelona, Spain

(Received 24 July 1992; accepted 23 September 1992)

Abstract—Phase transitions in ternary chalcopyrite AgGaSe, are investigated up to a pressure of 160 kbar
using Raman scattering. Pressure dependence of phonon frequencies suggests three phase transitions
occurring around 30, 51 and 83 kbar, respectively. The band gap is found to increase with an increase
in pressure up to SI kbar. The phases above SI kbar are opaque to visible light. Comparison of phase
transitions in this compound with other chalcopyrites indicates a reduced stability of the tetragonal
structure with an increasing mass of chalcogen anion.

Keywords: Ternary chalcopyrite, Raman scattering, high pressure, phase transitions.
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Reentrant phase transition in charged colloidal suspensions: A Monte Carlo study

B. V. R. Tata, Akhilesh K. Arora, and M. C. Valsakumar
Materials Science Division, Indira Gandhi Centre for Atomic Research, Kalpakkam, 603102 Tamil Sadu. India

(Received 17 September 1992)

Monte Carlo simulations of aqueous charged colloidal suspensions interacting via an effective pair po-
tential are carried out with a vie* to elucidate the mechanism of the reentrant phase transition reported
in these systems. The computed pair-correlation functions show that a weakly interacting homogeneous
suspension phase separates into dense and rare phases and thereafter reenters into a homogeneous state
with crystalline or liquidlikt crier when the concentration of the ionic impurities is decreased. The
cluster-size distribution indeed shows the existence of dense-phase droplets for the intermediate range of
impurity-ion concentrations where the phase separation occurs. Some of the recent experimental results
are discussed in the light of the present simulation results.

PACS number(s): 82.7O.Dd, 64.70.Pf

i. Phys.: Condens. Matter 5 (1993) 8805-8814. Printed in the UK

PT19 Instability of a two-dimensional colloidal crystal at a
water-air interface

R Kesavamoorthyf, C Babu RaoJ and Baldev Raj}
t Materials Science Division, Indira Gandhi Centre for Atomic Research, Kalpakkam 603 102.
Tamil Nadu, India
t Division for Post Irradiation Examination and Non-destructive Testing, Indira Gandhi Centre
for Atomic Research, Kalpakkam 603 102, Tamil Nadu, India

Received 19 April 1993, in final form 21 July 1993

Abstract. The experimental observation of the sudden collapse of a two-dimensional colloidal
crystal at a water-air interface is reported and explained here for the first time. A thin film of an
aqueous suspension of polystyrene particles of 0.53 nm diameter is confined between a smooth
glass plate and an air bubble. A single layer of a 2D colloidal crystal is observed in this thin film
using an optical reflection microscope equipped with a video camera and an image processor.
On gradual draining of water from this Ihin film, particles forming a 20 colloidal crystal suddenly
emerge to (he water-air interface. At the interface they flocculate lo form a compact 2D sheet
of particles in which the particles touch each other, forming hexagonal and square 2D structures.
This phenomenon is explained on the basis of the interfacial surface energies and the interparticle
interaction potential at the water-air interface.
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Positron-annihilation studies,on the Bi^Sr-Ca-Cu-O superconductor

C. S. Sunclar,' A. Bharathi,* W. Y. Chirtg, and Y. C. Jean
University of Missouri-Kansas City, Kansas City. Missouri 64110

P. H. Hor. R. L. Meng, Z. J. Huang, and C. W. Chu
Texas Center for Superconductivity, University ofHouston. Houston. Texas 77024.S5O6

(Received 6 July 1990; revised manuscript received Vi January 1991)

The results of positron-lifetime measurements as a function of temperature, across T,, and as a
function of heat treatment are presented. The lifetime in Bl-Sr-Ci-Cu-O does not show any varia-
tion with temperature in the range of 10 to 300 K, a result that is in contrast with other cuprate su-
pcrcoitduvmrs. The absence of lifetime viirlutlon across 7" is timlcr<in<Kl in terms i>ftlie caltnlnicd
positron-density distribution, which indicates thai the maximum of the positrmi density is in the re-
gion between (he Bi-0 layers with no significant density in the superconducting CuO ; layers.
Positron-lifetime measurements as a function of heal treatment indicate a decrease in lifetime as Ihe
annealing temperature is lowered from 800'C to 100*C. The decrease in lifetime, which is correlat-
ed with (lie increase in the weight of the sample, is explained in terms of the intercalation of the ex- \ \
cess oiygen in the region between the Bi-0 layers, which is the region probed by (lie positron

MS code no. BU4I52 1990 PACS numberls): 74.70.Vy, 78.7O.Bj

Materials Science Forum Vols. 105-110 (1992) pp. 477-484
SC02 Copyright Trans Tech Publications. Switzerland

TEMPERATURE DEPENDENCE OF POSITRON ANNIHILATION
PARAMETERS IN HIGH TEMPERATURE SUPERCONDUCTORS

C.S. Sundar, A. Bharathi (a), Y.C. Jean, W.Y. Ching, X. Lu,
S.J. Wang, F. Zandienadem (b), P.H. Hor, Y.Y. Xue, R.L Meng,

Z.J. Huang and C.W. Chu (c)
(a) Materials Sci. Division. IGCAR. Kalpakkam 603102, India

(b) University o( Missouri-Kansas City. Kansas City, MO 64110. USA
(c) Texas Centre tor Superconductivity. University of Houston

Houston. TX 77204. USA

ABSTRACT: The results of positron annihilation measurements as a function of
temperature, across T , in a variety of high temperature superconductors are
presented. These reiults are discussed in the light of the theoretically
calculated positron density distribution and the electron-positron overlap
function. It is, shown that the temperature dependence of annihilation
parameters is related to the nature of the positron-electron overlap within
the Cu-0 network. The variation of the positron annihilation parameters in
the superconducting state is discussed in terms of a model of local electron
transfer frcra the Cu-0 plane to the apical oxygen atcm.

Ma" il'-^ifotehorimV^s. MS I
Cop\nfht Irani tech PubhaMim\, Swiizrrhinil

SYSTEMATIC POSITRON STUDI =S OF HIGH TEMPERATURE
SUPERCONDUCTIVITY: NEUTRON-IRRADIATED YB8 2 Cu 3 0 7

X. Lu, S.J. Wang* (a), C.S. Sundar'*, A. Bharathi" (b), Y. Lyu,
W.Y. Ching, Y.C. Jean (a), P.H. Hor, Y.Y. Xue, J.Z. Huang and

C.W. Chu (b)
(a) University o! Missouri-Kir is City. Kansas City. MO 64110. USA

(b) Texas Center lor Supe.conductivity. University of Houston
Houston. TX 77204-5506 USA

Keywords: superconductors, neutron irradiation. Y123, YBCO. critical current, density, delect.
voids, vacancies

HBSTRACT
The positron lifetime experiments as a function of fast neutron

irradiation dose and of annealing temperature in the YBasCu,o,
superconductors have been performed. The positron lifetime is found to
increase as a function of dose of fast neutron irradiation up to 9.0
x 1017 n/cin2. From th- positron results, we find that two types of
defects are generated Jue to neutron irradiation: cationic vacancies
(r ss 230 ps) and a large void (r = 465 ps) . A direct correlation
between the intensity of large voids (size » 25 ± 5 A) and the
critical current density i» found.
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POSITRON ANNIHILATION STUDIES IN Hf DOPED YBCO

P. Gopalan, E.R. Priya, M. Premila, C.S. Sundar and
K.P. Gopinathan

Materials Science Division, Indira Gandhi Centre kx 4tom Research Kalpskkam,
Tamil Nadu 803 102, Inca

Keywords: positron lifetime, Hf doped YBCO, quench temperature, oxygen content,
positron density distribution

ABSTRACT: The variation oi positron lifetime and oxygen stoichjcroetry as »
function of * Jench temperature has beer TCasured IT. undoped and 0.5at$,
G.75ati, and 0 »t% Hf doped VBCO. In be -. the unccped and Hf doped sampjef,
the lifetime Decreases and the oxygen content :rcreases as the quench
temperature is lowered fron 900*C to lHrf"C, The lifetime in the tetragonal
phase C>0Q°C) decreases with the increase in Hf cr-te^t, whereas in the
orthorharfcic phase (450°C ) it increases. The differer.ee in lifetime betwer:
the tetragonal and orthorhembic phases decreases »T..-. the increase in the Hf
content. These trend6 are discussed in terms of the influence of Hf doping cr.
the oxygen content and the positron density distribution in VBCO.

S C 0 5 MottnalsScience Fnnm Volt. J05-/M r/W2)/y>. 1253-111*
Copvriqht trans Tech Publications. SKiizerlaiul

POSITRON UFETIME STUDIES IN UNDOPED AND Sr DOPED La2Cu04

C.S. Sundar, A. Bharathi (a), D. Vasumathi (b) and
Y. Hariharan (a)

(a) Materials Science Division. Indira Gandhi Centre tor Atomic Research, Kalpakkam, Tamil Nadu 603 102,
India

(b) Department of Physics. Brandeis University, Waltham, MA 02254. USA

Keywords: lifetime, temperature, vacancy, trapping

ABSTRACT: The results oi positron lifetime measurements as a function of
temperature, in undoped and Sr doped LajCuO^ are presented. A second ccenponent
of lifetime with a value of Hi ps is seert to develop after 10C°C, wiose
intensity grows sharply in the range of 100°C to 250°C. The mean lifetime
increases from 170 ps to 207 ps as the temperature is increassd from room
temperature to 3C0°C. Using the results of the theoretical calculations of
positron lifetime* at vacancies in La,CuO.t it is argued that the increase in
lifetime with temperature is due to positron trapping at the thermally
generated La vacancies. From a two state trapping model analysis, the
formation energy is estimated to be 0.39*0.04 eV.
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TDPAC studies of Hf doped YBCO

R GOVINDARAJ. M PREMILA, PADM A GOPALAN and K. P G O P I N A T H A N
Materials Science Division. Indira Gandhi Centre For Alomic Research. Kalpakkam 603 102,
India

MS received 17 August 1992: revised 7 January 1993

Abstract. Time differential perturbed angular correlation measurements of the 133-482 keV
;•-•/ cascade of '"Ta in Hf-doped YB«,CujO,_, are presented. The m H f precursor nuclei
are incorporated into the sample by thermal neutron irradiation. Two quadrupole interaction
frequencies are observed in the as-irradiated sample: vQ| = 161 ± 10MHz with intensity
/•|=75"i. asymmetry parameter IT, =0-32 and damping parameter A , - " ^ . and
i-Q, - ! I0S + 40 MHz with / , - 25V 1i; -0-62, and A, - 0-60. On annealing the sample in air
at various temperatures T, and quenching to room temperature. / , remained nearly constant
for T, < 600X and v01 for all annealing temperatures indicating that these are insensitive to
oxygen sloichiometry. This frequency is interpreted to be due to "'Hf substituting V site?.
Beyond T. = 600°C / , increased and reached a constant value of 90% for 7". = 800°C. The
value of iQJ showed a slight variation between 1086 and 1160MHz. while f, remained nearly
constant at 25°; for 7", <600IC. This component is identified to be due to '"Hf substituting
Cu 1 sites in the Cu-O chains of YBCO. Above 6O0=C ». , decreased and reached a value of
808 MHz beyond 75OT.
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T ? 0 , 1 Nambu mechanics and its quantization

J^ r . . , Debendranath Sahoo and M. C. Valsokumar
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Algebraic structure of Nambu mechanics

DEBENDRANATH SAHOO and M C VALSAKUMAR
Theoretical Studies Section, Materials Science Division, Indira Gandhi Centre for Atomic
Research, Kalpakkam 603 10?., Tamil Nadu, India

MS-.ceived 5 August 1992

Abstract. Abstracting from Nambu's work [1] on the generalization of Hamiltonian
mechanics, we obtain the concept of a classical Nambu algebra of type I (CNA-I). Consistency
requirement of time evolution of the trilinear Nambu bracket leads to a new five point identity
(FPI). Incorporating the FPI into CNA-I, we obtain a classical Nambu algebra of type II
>.'CNA-H). Nambu's algorithm for generalized classical mechanics turns out to be compatible
with CNA-II. Tensor product composition of two CNA-I's results in another CNA-I whereas
ihat of two CNA-H's does not. This implies that interacting systems cannot be consistently
I reated in NanIOU'S framework. It is shown that the recent generalization of Nambu mechanics
based on an arbitrary Lie group (instead of the particular case of the rotation group as in the
case of Nambu's original algorithm) suggested by Biyalinicki-Birula and Morrison [2], is
compatible with CNA-I but not with CNA-II. Relaxation of the commutative and associative
observable product by making it nonassociative so as to arrive at the quantum counterpart
meets wit?i serious difficulties from the view point of tensor product composition property.
Thus neither CNA-I nor CNA-H have quantum counterparts. Implications of our results are
discussed with special reference to existing work on Nambu mechanics in the literature.

Keywovris. Nambu mechanics; algebraic structure; quantization; generalized mechanics.
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^-Deformation of algebraic structures of quantum and
classical mechanics

DEBENDRANATH SAHOO and M C VALSAKUMAR
Theoretical Studies Section. Materials Science Division, Indira Gandhi Centre for Atomic
Research, Kalpakkam 603 102. India

MS received 6 April 1993

Abstract. There exists a coassociative and cocommutative coproduct in the linear space
spanned by the two algebraic products of a classical Hamilton algebra (the algebraic structure
underlying classical mechanics [1]). The transition from classical to quantum Hamilton algebra
Ithe algebraic structure underlying quantum mechanics) is an A-deformation which preserves
not only the Lie properly of the classical Hamilton algebra but also the coassociativity and
cocommutativity of the above coproduct. By explicit construction we obtain the algebraic
structures of the <j-deformed Hamilton algebras which preserve (he said properties of the
coproduct. Some algorithms of these structures are obtained and their implications discussed.
The problem of consistency of time evolution with the q-deformed kinematical structure is
discussed. A characteristic distinction between the parameters h and q is brought out to stress
the fact that q cannot be regarded as a fundamental constant.

Keywords. Classical Hamiltonian algebra: quantum Hamiltonian algebra: quantum
mechanics: classical mechanics.

PACS Nos 02-20; 03-65

VoL 4, No. 1,1992 Journal of the Mechanical Behavior of Materials

TS04 GAUGE THEORY OF DEFECTS IN CONDENSED MATTER MEDIA

Debendr&nath Sahoo
Theoretical Studies Section
Materials Science Division
Indira Ganghi Centre for Atomic Research
Kalpakkam 6V3 102, Tamil Nadu, India

ABSTRACT

The gauge theory approach to topological defects in various condensed matter media
is described: This approach, mainly based along the line developed by Kadic and Edelen
(Kadic A and Edelen D.G.B., J4 Gauge Theory of Dislocations and Disclinations, Springer
Verlag, Berli a, 1983), is an improvement over the conventional classical elasticity
approach. Application to defects in a Cosserat continuua and elastic continuua are
outlined. The special example of a liquid crystal is discussed. Vortices in a simple liquid too
can be described within the gauge theory framework.

GAUGE THEORY OF VORTICES IN A FLUID

DEBENDRANATH SAHOO
Materials Science Division, Indira Gandhi Centre for Atomic Research, Kalpakkam 603 102,

T i l N d I d iTamil Nadu, India

Absteact-A theory of general flow of an Euler fluid has been developed in the framework of the
Yang-Milk gauge theory. The state of irrotational flow is taken as the reference state. The standard
procedure of gauf e theory with the one dimensional internal translation group as the gauge group
leads to field equations of general fluid flow including dynamics of vortices. As an application, it is
shown that the flow field of a vortex line acquires a core and singularity at the line is removed.
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Ab initio pair potentials for FCC metals: an application of the
method of Mobius transformation

Abhijit Mookcrjcet, Nan-xian ChcnJ, Vijay Kumar§ and Mohamrrud
Atxlus Saticr^
Jniemaiional Cenire for Theoretical Physic*, PO Box 586. 34100 Trieste, Iuly

Received 14 uctubcr IW1. in lilul form Z3 December 19V1

Abstract We use the method of Mobius transformation introduced by Chen lo obtain pair
potentials for FCC metal* from Bnl-phncipks total energy calculations. The derivation is
exact for radial potentials and it converges much faster than ih« earlier reported method
of Carlsson-Gel«il-Ehrenreich. We have tested this formulation for Cu using the tight
binding representation of the linear muffin-tin orbital method. Our results agree with
those obtained by Carlsson and co-worker* and qualitatively with the other Morse-type
pair (xiicniials derived from effective medium theories.

T S 0 7 Pramana - J. Phys., Vol. 38. No. 3, March 1992, pp. 219-231. £ Printed in India.

First passage time on a multifurcating hierarchical structure

V SRIDHAR, K P N MURTHY and M C VALSAKUMAR
Theoretical Studies Section, Materials Science Division, Indira Gandhi Centre for Atomic
Research. Kalpakkam 603 102. India

MS received 11 October 1991; revised 9 December 1991

Abstract. Asymptotic behaviour of the moments of the first passage time (FPT) on a
one-dimensional lattice holding a multifurcating hierarchy of teeth is studied. There is a
transition from ordinary to anomalous dilTusion when the parameter controlling the relative
sizes of the teeth, is varied with respect to the furcating number of the hierarchy. The scaling
behaviour of the moments of FPT with the linear dimensions of the lattice segment indicates

- that in the anomalcus phase the probability density of the FPT is multifractal.

Keywords. Diffusion: ultradiffusion; first passage time; hierarchical structures; multifractals.
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Size-dependent diffusion coefficient in a myopic
random walk on a strip

S. Revathi'. M.C. Valsakumar", V. Balakrishnan" and
G.H. Weiss"
'Department of Physics. Indian Institute of Technology. Madras 601)036 Indie
Materials Science Division. Indira Gandhi Centre for Atomic Research
Kulpakkam 603102. India

'Physical Sciences Laboratory. National Institutes of Health. Bethesda. MD W92. ISA

We consider a random walk in discrete time (n = 0 .1 . 2 ) on a square lattice of finite
width in the v-direct ion. i .e . .{y.mj/eZ. m = 1. : . 3 ,vj. A myopic walker at (/. ! )or
11. .V) jumps with probability t to any of the available nearest-neighbor sites at the end of a
time step This couples the motions in the r- and.y-directions. and leads to several interesting
features, including a coefficient of diffusion in the ^-direction that depends on the transverse
size V of the strip. Explicit solutions for (x';j (and the lateral variance (> ; ) ) are given tor
small values of ,V. A closed-form expression is obtained for ihe (discrete Laplace) transform
of y.r) for general ,V. The asymptotic behaviors of <.*•) and <>•;) are found, the corrections
tailing off exponentially with increasing n. The results obtained are generalized to a mvopic
random walk in d dimensions, and it is shown that the diffusion coefficient has an explic:'.
geometry dependence involving the surface-to-volume ratio This coefficient can therefore
serve as j probe of the geometry of the structure on which diffusion takes place



T S W —•-....., . „ . . .»

A myopic random walk on a finite chain

S REVATHf. V BALAKRISHNAN and M C VALSAKUMAR*
Department of Physics, Indian Institute of Technology. Madras 600036, India
* Materials Science Division, Indira Gandhi Centre for Atomic Research. Kalpakkam
603 102. India

MS received 18 November 1991

Abslrut. We solve analytically the problem of a biased random walk on a finite chain of
"sites' (1,1...,N) in discrete time, with 'myopic boundary conditions'—a walker at 1 (or N)
at time n moves to 2 (or N — 1) with probability one at time (n •*• II The Markov chain has
period two: there is no unique stationary distribution, and the moments of the displacement
of the walker oscillate about certain mean values as n — x . with amplitudes proportional
to 1/JV. In the continuous-time limit, the oscillating behaviour of the probability distribution
disappears, but the stationary distribution is depleted at the terminal sites owing to the
boundary conditions. In the limit of continuous space as well, the problem becomes identical
to that of diffusion on a line segment with the standard reflecting boundary conditions. The
first passage time problem is also solved, and the differences between the walks with myopic
and reflecting boundaries are brought out.

Keywords. Random walk: myopic random walker, periodic Markov chain.
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Fractal measures of first passage time of a
simple random walk

K.P.N. Murthy. S. Rajasekar', M.C. Valsakumar. V. Sridhar and
R. Krishnan
Theoretical Studies Section, Materials Science Division.
Indira Gandhi Centre for Atomic Research, Kalpakkam 603 102. Tamil Nadu. India

Received 28 January 1993

We consider random walks, starting at the site i = 1. on a one-dimensional lattice segment
with an absorbing'boundary at i = 0 and a reflecting boundary at i-L. We find that the
typical value of first passage time (FPT) is independent of system size L. while the mean
value diverges linearly with L. The <jth moment of the FPT diverges with system size as
£.'""', iorq> 1/2. For a finite but large L. the FPT distribution has an l.'i tail cut off by an
exponential of (he form t\p(-tlLl). However, if L is set equal to infinity, the distribution
has an algebraic tail given by t'"~. We find that the generalised dimensions D(q) have a
nontrivial dependence on q. This shows that the FPT distribution is a multifractal. We also
calculate the singularity spectrum f(a).

TS11 Pramana - 1 . Phys., Vol. 39, No. 5, November 1992, pp. 509-520. © Printed in India,

Routes to chaos and mode-locking in interferometers with
nematic film inserts

S RAJASEKAR
Material Science Division, Indira Gandhi Centre for Atomic Research, Kalpakkam 603 102,
India

MS received 15 July 1992; revised 7 September 1992

Abstract. The influence of time-dependent periodic optical drive in the Fabry-Perot
intetferometer system has been investigated using a theoretical model equation A variety
of features such as different routes to chaos, muitiperiodic oscillations, coexistence of multiple
attractors and mode-locking with devil's staircase are found to occur for a certain range of
parametric values.

Keywords. Fabry-Perot interferometer, routes to chaos; muitiperiodic oscillations;
mode-locking.
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Shri. K. Varatharajan

Dr. H.K. Sahu

Title

PC based automation/data
acquisition for experiments
using nuclear detectors

Mechanical calibration of
irradiation creep setup

Al-Cu-Fe Quasi crystals

High pressure phase transition
in semiconductor mixed crystals
Zni_xMnrSe

Positron factory : Emerging
scenario

Vanadates as electronic
analogue of high temperature
superconductors

Random walks on hierarchical
structures

The relationship between
transient and steady state
creep in AISI 304 SS

Microstructural ordering

Amorphous selenium under
pressure

Informal talk on HTSC
materials : Process
and Products

Broken symmetry

Carburization in Ti stabilized
SS

Experiments on radiation effects
under stress : Beam specifications
and heat handling

J
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Date

08.08.91

14.08.91

21.08.91

28.08.91

04.09.91

11.09.91

18.09.91

25.09.91

19.09.91

27.09.91

04.10.91

14.10.91

15.10.91

28.10.91

Speaker

Dr. K. Govindarajan

Dr. D. Sahoo

Ms. A.M. Shakila

Shri. N.S. Thampi

Shri. M.C. Valsakumar

Dr. K.P. Gopinathan

Dr. C.S. Sundar

Dr. M.V.N. Murthy
IMSC, Madras

Dr. M. Rajagopalan
Anna University,
Madras

Prof. R. Asokamani
Anna University, Madras

MSD Talks

•Prof. S. Minomura
Okayama University of
Science, Japan

Dr. K. Takemura
NIRIM, Tsukuba
Japan

Dr. T.S. Radhakrishnan

Title

Chemfet : an ion selective FET

Quantum groups

Fuel clad chemical interaction
in FBR. Carburization of D9
by UC

Ion Beam Applications :
Present trends

C60

Positron and Mossbauer
research in Hungary

ICPA-9 : A report

Anyons and fractional
statistics

Band structure and
superconductivity in VB
elements and NbN under
pressure

Metallization and supercondu-
ctivity in Csl under pressure

MSD contribution in
AIRAPT XIII

Pressure effects in alloy semi-
conductors and superlattices

High pressure X-ray study of
soft metals : Cs and In

A report on the International
Workshop on Chevrel phase
superconductors - Sept. 1991
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Date

30.10.91

13.11.91

20.11.91

27.11.91

04.12.91

13.12.91

17.12.91

08.01.92

13.01.92

16.01.92

21.01.92

29.01.92

04.02.92

12.02.92

i

19.02.92

26.02.92

Speaker

Shri. V. Sridhar

Ms. S. Kalavathi

Dr. R. Shankar
IMSC, Madras

Dr. R. Shankar
IMSC, Madras

Prof. M. Lakshmanan
Bharathidasan Univer-
sity, Trichy

Dr. S.V. Narasimhan
WSCL, IGCAR

.Shri. J. Jayapandian

Prof. G. Bhaskaran
IMSC, Madras

Dr. A.K. Arora

Shri. S. Shivakumar
RPD, IGCAR

Dr. K.G.M. Nair

Prof. A.K. Sood
IISc, Bangalore

Dr. A.K. Arora

Dr. K. Krishan

Dr. M. Yousuf

Title

First passage time on
a multifurcating hierarchical
structure

Flux creep in HTSC

The t-J model and cuprate
superconductors

Cellular automation - The poor
man's road to complexity

Solitary and Inverse scattering in
multidimensions

Chemical decontamination of nuclear
reactors

Papers to be presented at DAESSP,
Varan asi

Automation of experiments

Novel aspects of Ceo superconducti-
vity

Crystalline to glass transition
driven by random interactions

Odd and Even states of Radiation

Irradiation induced amorphization

High pressure studies on Ceo

International Conference on
Synchrotron radiation sources,
Indore : A report

Physics of sputtering

Structure and stability of C70
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Date

05.03.92

11.03.92

18.03.92

25.03.92

01.04.92

15.04.92

22.04.92

29.04.92

06.05.92

07.05.94

03.06.92

08.07.JJ2

15.07.92

2*2.07.92

Speaker

Dr. C.P. Reddy
RPD, IGCAR

Dr. S. Rajasekar
Bharathidasan
University, Trichy

Dr. K. Porsezian
Bharathidasan
University, Trichy

N.V. Chandra Sekhar

Dr. K.P.N. Murthy

Dr. K.P.N. Murthy

Dr. B. Purniah

Dr. R. Kesavamoorthy

Prof. W. Triftshauser
Universitat der
Bundeswehr, Germany

-do-

Dr. A. Balasubramanian
Pondicherry University,
Pondi cherry

Dr. C.S. Sundar

Dr. G. Venugopal Rao

Shri. R. Govindaraj

Title

Physics of FBTR startup

Controlling of chaos

Solitons in magnetic
systems

Analysis of X-ray scattering
data from amorphous alloys

Demons Don't Die

The return of the Demons

Superconducting electronic
devices

Colloidal crystals optical
devices

Investigation of metals and
alloys with low and high
energy positrons

Pulsed positron beams and
scanning positron microscope

Weak-Link behaviour of YBCO
by site percolation model

An update on structure and
superconductivity in fullerenes

Metallic glasses : evidence
for magnetic contribution to
electrical resistivity

Perturbed gamma-gamma
angular correlations
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Date

29.07.92

19.08.92

02.09.92

16.09.92

23.09.92

24.09.92

30.09.92

07.10.92

28.10.92

C'4.11.92

11.11.92

18.11.92

30.11.92

25.11.92

26.11.92

02.12.92

L

Speaker

Dr. R. Rajaraman

Dr. K. Govinda Rajan

Dr. G. Amarendra

Mr. N. Subramanian

Prof. Mathias Brack
University of
Regensburg, Germany

Prof. R.K. Bhaduri
McMaster University,
Canada

M. Sekar

Dr. H.K. Sahu

Mr. G.V.N. Rao

Dr. H. Razdan
BARC

Dr. K.P.N. Murthy

Dr. Vijay Kumar

Dr. M. Ganapati Rao
E.B.A.F, USA

Dr. B.V.R. Tata

Dr. S.K. Gupta,
BARC

Ms. Rita Saha

Title

Effect of pressure on He
bubble growth

Physics of the arc

SLOPOS-5 : A report

Crystal structure of C70

Metal clusters

Quantum chaos and beats

Arc melting and applications

Use of small angle X-ray scattering
in Materials Science

The small angle X-ray scattering
technique

Gamma-ray astronomy

Walks, Walls, Tails and Fractals

Magic clusters : species for new-
materials

Helium desorption
Leak detection technique

Is effective interaction in charged
colloids attractive?

Idealized collision cascades in
power low potentials

Reactive ion etching
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Date

23.12.92

06.01.93

13.01.93

20.01.93

27.01.93

03.02.93

10.02.93

17.02.93

24.02.93

02.03.93

12.03.93

15.03.93

29.03.93

20.04.9.')

'2S.04.93

04.05.93

Speaker

MSD semiars

Prof. R.K. Ray
IIT, Kanpur

Dr. J. Janaki

Shri. P. Ch. Sahu

Dr. S. Rajasekar

Prof. J. Mahanty

Shri. M.P. Janawadkar

Ms. T. Sakuntala

Dr. K.G.M. Nair

Prof. S.V. Subramanyam
IISc. Bangalore

Shri. M.P. Janawadkar

Dr. Christian Abromeit
Hahn Meitner Institute,
Berlin

Dr. A K. Arora

Dr. ;S.S. Ramamurthy
CAT. Indore

Ms. S. Tripurasundari

Prof. J.N. Goswami
PRL, Ahmedabad

Title

Paper presented to DAESSP 92 -
Tirupathi

Development of crystallographic
texture during treatment of steels

Application of Thermal Analysis in
Materials Science

Charge density waves in uranium

Analytical prediction of chaos

Quasi particle interference effects
in Coulomb Blockade

Quantum interference in the solid
state

Phase transitions in potash alum
at high pressures

Irradiation studies on Al-Mn
alloys

Highly conducting films of carbon

Quantum interference in the solid
state

Phase stability in ordered inter-
metallics under irradiation

Structure of multicomponent alloys

Overview of accelerator facilities
at CAT, Indore

Ion beam mixing

Isotopic studies with SIMS : Appli-
cations in astrophysical and plane-
tary sciences
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M.Sc./M.Phil. Project Work

S.No.

1

2

3

4

5

6

7

8

••)

Name

P.S. Theporal Irin
T.B.M.L College

S. Murugavel
Anna University,
Madras

M. Mahendran
Anna University,
Madras

P.R. Girish
N. Rajasekaran
BITS, Pilani

S. Rajagopalan
National College,
Trichy

S. Sudha
Bharathidasan Univ.,
Trichy

U.Sudhakar and
R. Vijay Kumar
Karunya Inst. of
Technology,
Coimbatore

R. Subhadra
Univ. of Madras,
Madras

V. Visw;:.moorthy &
A. Balasundaram
V.M.K.V. Engineering,
Salem

Title

Preparation of KC1 single
crystal and its characterization
(M.Sc. Project work)

Preparation and characterisation
of some semiconducting glasses
(M.Sc. Project work)

High pressure X-ray diffraction
studies on selenium based
chalcogenide glasses
(M.Phil. Thesis)

A PC based system for MCA data
collection and processing
(M.Sc. Project work)

A study on the crystallization
of selenium
(M.Sc. Project work)

Effect of thermomechanical
processes on grain size of
metals (M.Sc. Project, work)

Four channel data acquisition
system for metal forming
(B.E. Project work)

Computers in physics education
(M.Sc. Project work)

Control of secondary ion mass
spectrometer and a scanner card
for specific heat measurements
(B.Tech. Project work)

Month/Year

March 1991

June 1991

July 199!

July 1991

April 1992

1992-1993

1992-1993

1993

1993

45



M.Sc./M.Phil. Project Work

S.No.

10

11

12

13

Name

C. Hema
Madurai Kamaraj
University,
Madurai

Elizabeth George
University of Madras,
Madras

Lalitha
Bharathidasan Univ.,
Trichy

V. John Kennedy
University of Madras,
Madras

Title

Modelling of current integrator
for accelerator
(B.E. Project work)

Energy calibration of scintillation
and semiconductor detectors
(M.Sc. Project work)

Synthesis & Characterization of
mixed crystals of Ceo and C70
(M.Sc. Project work)

Synthesis &; Characterization of
Ceo single crystals
(M.Sc. Project work)

Month/Year

1993

1993

1993

1993

Ph.D. Thesis

S.No.

1

M

_ . . .

Name

R.N. Viswanath

R. Rajaraman

Title

Synthesis and study of
molybdenum chalcogenide
and high Tc superconductivity
oxide compounds
University of Madras, Madras

Positron annihilation studies
of light impurities in metals
University of Madras, Madras

Month/Year

October 1991

October 1993
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CONFERENCES

Oct.

Jan

Year

12-13

4-5,

March 20,

1992

1993

1993

Title

Advances in Physics and Instrumentation :
A journey into the 90's and beyond

Project and Research opportunities
with the accelerator facilities at
MSD, IGCAR, Kalpakkam

Discussion meeting on Fullerenes

i

AWARDS

INSA Young Scientist Award - 1991

Dr. G. Amarendra has been awarded Indian National Science Academy (INSA)
young scientist award for the basic research studies on helium clustering in metals
and alloys using positron annihilation spectroscopy.

MRSI Medals - 1993

Dr. T. S. Radhakrishnan has been awarded Materials Research Society of India
(MRSI) Medal for the work in understanding the role of structural instabilities in
practical superconductors and for the development of Nb/Al2O3/Nb SQUID devices.

Dr. C. S. Sundar has been awarded Materials Research Society of India (MRSI)
Medal for the research work on positron annihilation spectroscopy appl'.ed to mate
rials science.
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STAFF CHART

Dr. K.P. Gopinathan
Section Head,
METAL PHYSICS
LAB (MPL)
Dr B. Viswanathan (PL)
Dr C. S. Sundar (PL)"
Dr A. Bharathi
Dr G. Amarendra
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Ms J. Parimala
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Section Head,
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Mr P. Ch. Sahu
Mr N. V. Chandra Shekar
Mr N. Subramanian
Mr M. Sekar
Mr L. M. Sundaram

Dr. Kanwar Krishan
Head, MSD

Dr. T.S. Radhakrishnan
Section Head,
SUPERCONDUCTIVITY &
APPLICATIONS LAB (SAL)
Dr Y. Hariharan (PL)
Mr V. Sankara Sastry (PL)
Dr H. K. Sahu (PL)
Mr M. P. Janawadkar (PL)
Ms Rita Saha
Mr T. S. Datta
Ms S. Kalavathi
Mr D. V. Natarajan
Mr R Bhaskaran
Dr L. S. Vaidyanathan
Mr B. K. Guha
Mr Awadhesh Mani
Dr K. Gireesan
Ms T. Geethakumari
Ms G. Chinnamma
Mr K. V. Devadhasan JRF

X-Ray Scattering & Characteri-
zation Lab (XRL)
Ms Janaki Jambunathan
Mr G. V. N. Rao
Mr A. Thiruarul

Plant Operation
Mr R. Ganesan
Mr K. Palanisamy
Mr M. Kuppuswamy

Design & Development Lab
(Mechanical) (DDM)
Dr B. Purniah (PL)
Mr K. V. Thomaskutty
Mr K. Gnanasekar
Mr N. Sankaran
Mr Y. Pitchaiah
Mr K. Dasarathan
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Mr S. S. Liaquat Ali Khan

Mr. N.S. Thampi
Section Head,
PARTICLE IRRADIATION
FACILITY (PIF)
Dr K. G. M. Nair (PL)
Mr S. Panchapakesan
Dr B. Panigrahi
Mr P. Gangopadhyaya
Mr R. Dhandapani
Mr P. Magudapathy
Mr V. Baskaran

Plant Operation
Mr K. Suresh
Mr J. C. George
Mr A. Dhanusu

Light Scattering Lab (LSLj
Dr A. K. Arora (PL)
Dr R. Kesavamoorthy
Dr B. V. R Tata
Ms T. Sakuntala
Ms M. Rajalakshmi
Mr M. Thangavelu

SIMS & Desorption Lab (SDL)
Dr A. K. Tyagi (PL)
Mr Sitaram Dash
Mr M. Kamaruddin
Mr G. Raghavan
Mr K. Varatharajan
Ms S. Tripurasundari
Mr R. Krishnan
Mr A. K. Balamurugan
Mr P. K. Ajikumar
Ms G. Vijayakumari
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Dr D. Sahoo Mr R. Sadasivan Nair OFFICE STAFF
Section Head, Mr T. Edwin Mr T. D. Sundarakshan
THEORETICAL STUDIES Ms T.Indira
SECTION (TSS) Machining k Fabrication Group Ms S.Anthonyammal
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VARIOUS EXPERIMENTAL

FACILITIES IN

MATERIALS SCIENCE DIVISION
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VARIOUS EXPERIMENTAL FACILITIES IN
MATERIALS SCIENCE DIVISION

Fig. 1 : 150 KeV accelera-
tor lor low energy
implantation of
gas ions

Fig 2 400 KeY hca\T ion
accelerator whii.li
has been recently
commissioned



Fig. 4

Fig. 5 Evolved gas analy-
sis (EGA) set up
under development
: will be used for
temperature pro-
grammed thermal
decompos i t ion
studies using real
time mass spec-
trometry.

Secondary ion mass
s p e c t r o s c o p y
(SIMS) facility fl/
chemical analysis
ofmaterialsaswell
as depth profiling
of surfaces and in-
terfaces.

Fig. 6 Laser Raman spec-
trometerforvarious
phase transition
studies in colloidal
crystals and semi-
conductors.



, Fig. 7 : Magnified photograph of indigeneously
developed DC SQUID.
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Fig. 8 : DC I-V character- _ <| KLLJ
istics of a typical _ c
Josephson junction
developed.
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Fig. 9 : Magneto-resis-
tance set up for su-
perconductivity
studies.



Fig. 10 Low temperature specific heat experimental set up for specific heat measurements at low temperatures on
superconducting as well as non-superconducting materials.

Fig. 11 : Low temperature (IK) insertable cryostat under development: will be used for superconducting tunneling
experiments.
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Fig. 12 : Energy dispersive X-ray diffractometer (EDXD) based on high intensity rotating X-ray anode generator
for studying various phenomena under high pressure.

Fig. 13 : Angle dispersive X-ray diffractometer (ADXD) Fig. 14 : High tonnage press for generation of high
based on high intensity rotating X-ray anode pressures,
generator.



Fig. 15 : High resolution
positron spectrom-
eter for various ex-
perimental studies
on light gas impuri-
ties in metals, su-
perconductivity and
novel materials.

Fig. 16 : Three detector time
differential per-
turbed angular cor-
relation (TDPAC)
set up for studying
very small clusters
of defects and light
gas impurities in
metals.

Fig. 17 : Mossbauer spec-
trometer for various
hyperfine interac-
tion studies and
structural transi-
tions in metallic
glasses and quasi
crystals.



Fig. 18 : Schematic view of low energy positron beam (LEPB) set up under development: will be used for studying
depth profiling of defects in surfaces and interfaces of materials.

Fig. 19 : PC add-on card for Mossbauer data acquisition system.
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Fig. 20 : Schematic view of the graphite arcing apparatus for production of fullerenes.




